
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 



J-!^^. 



I 





'igitized by 



Goog 



I 




Q 
III 

,07S 

r6 5-l 
v.f 



Digitized by 



Google 



Digitized by 



Google 



ORE'S 
CIRCLE OF THE SCIENCES. 



Digitized by 



Google 



Digitized by 



Google 



ORR'S 
CIRCLE OF THE SCIENCES. 



Digitized by 



Google 



Digitized by 



Google 








THE 

PRINCIPLES OF PHYSIOLOGY: 

THE STRUCTUEE OF THE SKELETON 

AND OF THE TEETH: 

AND THB 

TAEIETIES OF THE HUMAN EACK 

W QH THE NATURE* CONNECTION AND USES OF THE GEEAT DEPAETMENTS ^ 

OF KNOWLEDGE. 



THE PRINCIPLES OF PHY8I0L0QY, | STRUCTURE OF THE SKELETON AND TEETH, 

BT THE EDITOR. | * BT PAOFESSOa OWEN, F.B.8. 

VARIETIES OF THE HUMAN RACE, 
BT B. G. LATHAM, M JX, F.B.S. 



lONBONi 
WM. S. OEE AND Co., AMEN CORNEB, PATEBNOSTER UOW, 

XDCCCLIV. 









Digitized by 



Google 



Digitized by 



Google 




^w^ 



ORE'S 




CIRCLE OF THE SCIENCES. 



% &mti of €ntim 



THE PRINCIPLES OF SCIENCE, 



WITH THEIR APPLICATION TO PRACTICAL PTJR8X7ITS. 




4 



ORGANIC NATURE. 

VOLUME I. 



LONDON: 
W^. S. ORE AND Co., AMEN COENEE, PATEENOSTEB EOW. 

MDCCCLXT. 



:^ 




Digitized by 



Google 



Digitized by 



Google 




3^ 




PREFACE. 



In presenting to the Public the First Volume of the ** CmcLE of the Sciences," a 
few words, explanatory of the general design as originally announced, and of the 
spirit in which it has been carried out, may be required. 

In the Introductory Treatise to this Volume, an attempt has been made to expound, 
in brief and lucid terms, the general nature, relations, and applications of all the 
chief departments of Human Knowledge, in order to give the Reader, not specially 
trained in Science, a general yiew of the vast field of inquiry which the Creator 
has laid open to the lawful exercise of the human intellect. Thus the Student 
has been led, in the first instance, and it is hoped by no rugged or precipitous 
ascent, to the summit of an eminence whence he may take a survey of the various 
departments of knowledge, and of the principles which ought to guide him in the 
pursuit and application of the several Sciences. 

In the Treatise on the Physiology of Animal and Vegetable .Life, the duties 
or Amotions of the organs in the living bodies of plants and animals are defined 
and classified ; and the results of a complete analysis of the constituents of these organs 
are given, after they have been reduced by the anatomist to their component 
textures, and by the chemist to their proximate and ultimate elements. The prin- 
cipal modifications of the functions are traced through the different 
classes of animals, and the leading phenomena of the development of 
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PREFACE. ^ 

"the germ and embiyo, in both the divisions of the organic world, are described. The 
endeavour of the Author has been to compress into the compass assigned to each essay 
an outline of the chief characteristics of life in the two great departments of 
Organic Nature, a statement of the relations of Plants and Animalft to each other, 
and an account of their common dependence on the mineral or inorganic world. 

In regard to the structure and conformation of that great division of the Animal 
Kingdom called " the Vertebrate/' to which Man himself belongs, and which includes 
the animals that most resemble Man, it has been deemed sufficient for present 
purposes to restrict the Essay to the fundamental structures or framework of the body, 
with the appendages of a like enduring material called the Teeth. The ezecutioii 
of this part of the " Circle " has been confided to that great philosophical anatomist 
who has so distinguished himself in working out the true principles of Osteology — 
principles which will doubtless soon be applied to the nomenclature and descriptions 
of every branch of Anatomical Science. Avoiding the common practice of intrusting 
the special essays to literary compilers and abridgers, it has been part of the design of 
the work— hitherto with success — ^to engage, in the important task of teaching, those 
master-spirits who have in their day effected the greatest improvements, and made the 
most decided advances, in their respective departments of science. The result has been, 
as is especially shown in the " Essay on the Principal Forms of the Skeleton," an 
original exposition of the principles of Anatomical Science, and of the most important 
results that have been attained by its latest cultivator : — such exposition being succinct 
without any important omission, and as dear and comprehensible as is consistent with 
the inevitable use of technical terms. 

New and clearly defined ideas must be expressed by their appropriate signs. 
The explanation of the sign teaches the nature of the idea. "Without learning and 
understanding the technical terms of a science, that science cannot be comprehended. 
The terms seem " hard" only while the ideas which they represent are not under- 
stood. "We listen with pleasure and surprise to the glib facility with which the 
workiug classes, admitted in homely attire at half-price to the Zoological Grardens 
on Mondays, talk of the Elephant, the Bhinoceros, and the Hippopotamus. These 
derivations firom the Greek aie no harder to them than the Saxon monosyUabio 
names of the bear, the seal, or the lion: and yet the four-syllabled and five- 
^ . syllabled names above cited are longer than the average of the 
-^ technical terms derived from the same learned and pliable lan^ 
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goage: — for example, Alisphenoid is not really harder tium rhinoceros, nor Nenra- 
pophyBis than hippopotamus ; and when the mind becomes as famiHar with the 
things of which these are the Terhal signs, they fall naturally and easily into the 
circulating medium for the currency of thought. To the intelligent reader of erery 
class, who may be blessed with the healthy desire for the attainment of knowledge, 
let it then be said— Be not dismayed with the array of " hard words" which seems to 
bar your path in its acquisition. Where such words are inyented or adopted by the 
masters in science, be assured that your acquisition and retention of their meaning will 
be the safest "first steps" in the science of your choice. 

"Where plain and known words of Saxon or old English root could convey the 
meaning intended, the writers hare sedulously striven to use them instead of terms 
of more exotic origin. But where the signification of a thing, or group of things, would 
have demanded a round-about explanation, or periphrase, as the alternative for 
abandoning the single-worded and clearly defined technical term, they have not hesi- 
tated to use such term, appendiag, either in the same page or in the Glossarial Index, 
its derivation and meaning. 

In reference to the terms of Anatomy, a method has been adopted further to facilitate 
tiieir reception and easy recognition by reference to the part itself so signified in the 
woodcuts ; the same or corresponding part bearing the same numerals in all the cuts : 
thus the scapula, or blade bone, is indicated by the No. 51 in the fishes' skeleton, 
Fig. 9, and in aU the succeeding skeletons up to those of the Ape and Man, Fig. 46. 

The chief phenomena of animal and vegetable life, and the foundation of Anato- 
mical Science, in that department of it which has now reached the highest degree of 
philosophical symmetry and precision, having been treated of in the Essays on Physio- 
logy, on the principal Forms of the Skeleton, and on the Structure of the Teeth in the 
Vertebrated Classes of Animals, our First Volume — completing the first division of 
Organic Nature, as introductory to the study of General Zoology— appropriately ter- 
minates by a summary of the latest acquired knowledge respecting the " Varieties of the 
Human Species," from the pen of the chief Ethnologist of the age. 

When the amount of exact and original information, condensed in the following 

pages, is summed up, and the rich series of woodcuts which illus- 
^ trates that information is studied, the reader will doubtless acquire 
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^ Viii PREFACE. 

a conyictioiL that so much yaluable matter, and such means of mental improyement, 
were neyer before placed within his reach at so cheap a rate. 

The principles which haye guided the Editors in the production of the First Volume 
of the ** CracLB op the Sciences" will be rigorously adhered to, until that Cikcle 
is completed. The deyelopment of the plan, as originally conceiyed, will proceed 
with uninteirupted punctuality ; and the Public may rest assured that this first blossom, 
now offered in the promising season of spring, may be accepted as a type and pledge of 
the mature fruit which will follow in autumn. 



Amen Cobneb, May^ 1854. 
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ON THE NATURE, CONNECTIONS, AND USES OF THE GREAT DEPARTMENTS OP 
HUMAN KNOWLEDGE. 



Before man became a philosopher he was a discoverer; and in his capacity for 
discovery, and for reasoning on its results, he differs widely fh)m all other beings. 
In tiie organic world there is no history but the history of man. The doings of one 
pair, or of one colony of inferior animals, however sagacious, are the doings of genera- 
tion after generation. Birds build their nests in our gardens and shrubberies as they 
built their nests in Eden ; the bees in our hives construct their honeycomb, as the bees 
of Samson's time did that which he took from the lion's carcase ; and the beavers of 
Canada rear their dams, and huts, and burrows at this day as they have done ever since 
their species was created. How different is the account of man's proceedings from the 
time of his first appearance upon the earth ! What variety in his modes of clothing himself— 
of building habitations — of defending himself from beasts of prey — of transporting himself 
from place to place — of subjecting to his power the animate and the inanimate Creation ! 
In the first advances made by primitive man, his capacity for the attainment of know- 
ledge shines forth almost as vividly as in the discoveries made during his most advanced 
state of civilisation. To draw a distinction between the faculties of man and the faculties 
of the highest among the animal creation has always been a task of much difficulty ; and 
yet how frivolous appear the attempts to trace a proximity between endowments but 
outwardly similar, the moment the actual fruits of man's faculties arc contrasted with 
the nothingness of effect produced by any other species on the smface of the earth ! It 
can hardly indeed be said with truth that man's mere senses are more perfect than thote 
of the ftTiimftIa which stand near him in the scale of being; but it is an obvious truth 
that he has a capacity to originate ideas which mould the observations of sense on a 
higher and more perfect type. 



NATURAL SCIENCE-INTRODUCTORY TREATISE. 
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THE PROMINENT GROUPS OF HUMAN KNOWLEDGE. 



In man's early progress, liie rudiments of almost every branch of knowledge may 
readily be traced. Qis inteUeoitaal pre-eminence in the animal kingdom may be re- 
duced to a few prominent heads — namely, to his great capacity, in the first place, for 
appreciating the abstract illations of number and quantity ; secondly, to his exact per- 
ception of th« resemblances and the differences of objects of sense ; thirdly, to his in- 
herent disposition to form objects and appearances, which agree eyen in one quality 
or mode of presenting themselves, into groups — ^whicii are afterwards to be recognised 
as possessed of a unity of character; fourthly, to his complete feeling of the dis- 
tinctness of his bodily self ttom the rest of natuxe ; to his instant perception of its" 
slightest change of position or attitude ; and, to his almost unlimited voluntary power 
over its movements, so that it becomes an exact measure of the numereoB relative pro- 
perties of surrounding bodies ; and, lastly, to his capacity for looking inwards upon 
himself, and taking note of the special effBcts produced on his internal nature by persons, 
and things, and circumstances. With these several heads the great departments of human 
knowledge, as we shall discover, intimately oonneotthj^nselves. 

Science. — The systems of knowledge founded on ifituitiveconvictioas of the human 
mind, to which the name of soience is currently given, are, in particular,t2Le Abstract or 
Mathematical Sciences. Those collected fix)m the perceptions of siaise, wth or without the 
aid of instruments and of the abstractsciences, andmettiodised by man's &culty of group- 
ing individual appearances into compound unities, are the Inductive Sciences, under 
which falls the chief part of physical knowledge — ^namely, several branches of Natural 
Philosophy, the whole of the Electrical sciences. Chemistry, and some parts of Phy- 
siology. Those founded in the same manner upon the organic kingdoms of nature, with 
the aid of certain fundamental intuitive convictions of the himian mind, constitute the 
Physiological sciences. Those directiy deduced from man's contemplation of the subjects 
of his consciousness, and the report of others as to the results of their reflections on what 
consciousness has taught them, make up the Psychological sciences. Metaphysics, Ethics, 
&c. Those drawn from the contemplation of man in his social state, as bearing on tiie 
welfare of the community, axe represented chiei^y by Statistics and Political Economy. 
Those which rest on moral evidence, in its three degrees of possibility, {Hxibability, and 
moral certainty, rather than on the evidence of sense, are Govenmuent, Law, Medicme, 
Taste, Criticism, &c. Those which are formed by comparing the saibstanoes oomposing 
the exterior of our planet, and the individuals of tiie animal and vegetable kingdom^ and 
by marking their resemblances and diffiarenoeS) constiUite the Natural History of the three 
Kingdoms of Nature. And lastly, the systems of knowledge derived from this observation 
of the minute structure of minerals, plants, and anitnal<s and the grouping of certain 
frequently recurring resembknces into sepazate unities, eadi denoted by s single exn 
prcssion, constitute what have been termed the Desoiiptive Sciences, such as Zootomy, or 
Anatomy commonly so called^ Phytotomy or Vegetable Anatomy, and Orystallagn^y. 

Such, then, is an enumeration of the great branches of human knowledge, of whkkh 
it is our intention in the present undertakiog to treat But, at present, let ua «rti»w'«^> 
more narrowly the resemblances and differences of the evidence on which these sevend 
branches of knowledge depend, and endeavour to ascertain their connoctians and the 
precise uses to which each is suhaetvient. 

We will premise, however, that although the name of science is cizrreniiy applied to 
the more profound parts of man's studies, tiie term has no definite signification. In par* 
tioular, it is employed indiscidminately to denote those systems of knowledge which we 
deduced from the inherent or intuitive convictions of the hHmammnd, as well as thoB^ 
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systems of Imawledge -^Moh are built upon thd perceptions of sense, yaiiously grouped into 
a whole, because of the agreement of the members of each group in one mode of presenting 
themsdves. But yague as is the term science, it is too firmly rooted to be rejected. 

Geometxy. — ^Whenajiy part of Mathematics, for example, Geometry is compared with 
some one of the Inductive Sciences, such as Chemistry, it is discovered how loosely the 
term seienoe must be used to apply equally to both. For this purpose, we select for con- 
trast the properties of the alkalies, on the one hand, and on the ot^er the remaikable 
ptaperiyof the ri^t-engled triangle, that the square of its hypotenuse is equivalent to 
the sum of the squares of the two sides. The alkalies — ^tiiat is, the pure caustic alkalies 
— are feeely soluble in water a&d in alcohol ; each saturates its own proportion of every 
known acid ; and were a new aoid disooyered, it would only be necessary to ascertain 
how much of it is required to saturate a given quantity of one of the alkalies, to pro- 
nounce how much of each of the others that same quantity would saturate; the alkalies, 
be»des, form soaps with oils ; they change vegetable blue colours to green, and yellows 
to brown. By means of these properties, the chemist is able to detect the presence of 
any pure alkali in his analysis ; and such is one of the great objects which the science 
of Chemistry has in view. But the point which we wish chiefly to be bom© in mind 
is, that from the whole history of Chemistry no reason can be eUcited why an alkali 
should be soluble in water rather than insoluble, or soluble in alcohol rather than in- 
soluble ; why it should combine with oils or acids rather than resist combinatioB with 
them; why it should change vegetable blues to green, and yellows to brown, rather 
than to any other colour. In the conception of properties, as belonging to the alkalies, 
opposed to aU those just enumerated, there is nothing contradictory. In short thesre 
is no reasfm why any peculiar property of an alkali, so far as the human faculties eaa 
comprehezid, ^ould not, in the arrangement of nature, have been the opposite of what it 
actually is. And the same may be said of all those laws and properties in nature which 
are discovered solely by observation. 

On the contrary, when the several steps are considered by which an equality is 

proved between the square of the hypotenuse in a right-angled triangle, and the sum of 

the squares on its two sides, there is not discoverable, in the whole course of the 

demonstration, any single truth, die opposite of which does not involve a contradiction $ 

sp that, independently of any observation, the hmnan mind is, by its very nature and 

eonstitation, compelled to extend to them an absolute and unconditional belief* 
The square described on the hypotenuse being cut 

by a strai^t line in such manner as divides it into 

two distinct paralMograms^it is at once shown by the 

imdeniahlie propositicm^ that if two equals have each an 

equal quantity added to Uiem, the sums are equal ; 

and then by the undeniable proposition that ihe 

doubles of equals $re equal to one another— that each 

of the two divisions of the square on the hypotenuse 

is equal to one of the squares on the two sides of the 

tri angle. 

The poroof of the tbeocem just refenred tOi may 

xeadi^ be vndaprstood even by one unvenHsd m the ele- 

xnmitaofgeometiy. With the meaning of parallel lines 

sgreryotmjmiati^tia. Hen are thscie p«r$ of pacaU|d 

lines; onepBii^zus»ingfroinfsijdetO0idfi,AQitwopftiz»h^ 
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grams or rectilinear figures, the opposite sides of wHct are parallel. These two parallelo- 
grams stand upon the same base, and lie between the 
same parallels ; and when this is the case parallelograms 
are equal — ^that is, the area of the more upright of these 
two figures is equal to the area of the more slanting 
figure. And the truth of this will appear at once, by 
considering how the whole figure, composed of the two parallelograms taken together, 
is made up. If jfrom this whole figure the more upright of the two parallelograms be 
taken, a triangle remains ; and if from the whole figure the more oblique parallelogram 
be taken, another triangle remains. But these two triangles are equal, their corre- 
sponding sides and angles being equal ; hence the parallelogram which remains, after 
one of these triangles is taken away, must be equal to the parallelogram which 
remains after the other triangle is taken away. Such, then, is the proof of the 
proposition, that parallelograms between the sam6 parallels, and standing on the same 
or an equal base, are of the same area ; and as every parallelogram is divisible into two 
equal triangles by its diagonal, it follows that triangles standing on the same base, and 
between the same parallels, are of the same area. 

Let us now return to the figure on the preceding page, representing the squares on the 
three sides of a right-angled triangle. In this figure there is a triangle standing on the same 
base, and between the same parallels as the square on the left-hand side of the triangle, and 
there is a triangle standing on the same base, and between the same parallels as the larger 
of the two parallelograms into which the square of the hypotenuse is divided ; but these 
two triangles are equal, owing to the equality of two sides, and the contained angle ; 
hence the square, which is equal to twice the area of one of these equal triangles, is 
equal to the parallelogram, which is equal to twice the area of the other triangle. And 
by the same mode of reasoning, the square on the right-hand side of the triangle is 
proved to be equal to the lesser of the two parallelograms into which the square of the 
hypotenuse has been divided. 

But in the whole range of Geometry the proposition holds good, that every stage of 
the proof is a truth, the opposite of which involves a contradiction ; and therefore, that 
it is itself a necessary article of belief. In short, it is incontrovertible that mathematical 
truths are necessary truths. Geometricians use various ways of convincing us of this : 
where two figures are necessarily equal, as. a consequence of certain parts in one being 
known to be equal to corresponding parts in the other, the method of superposition is 
frequently employed; that is, we are required to fancy one figure placed upon the 
other, and then, mentally, to bring about their perfect adaptation : the parts, previously 
known to be the same in both, being properly adjusted, the other parts, by this method, 
are shown to be necessarily coincident. There is, however, nothing of a mechanical 
or experimental character in this process : the figures are not bodily transported fix)m 
one place to another ; the whole is a purely mental operation ; and it is the mind, not 
the eye, that sees the complete adaptation of the two. 

Some superficial thinkers cavil at the peculiar character assigned to mathematical 
science, by reference to the very proposition above adduced ; saying that the fact as 
to the equality of the squares, was discovered by observation, and the demonstration 
afterwttrds invented; as is proved, they ftirther say, by the tradition, that Pythagoras 
sacrificed a hecatomb in gratitude to the gods for having inspired him with its discovery. 
Thence, it may be supposed, they would inffer that aU mathematical knowledge is 
founded on observation, and not on intuitive convictions of the human mind. 
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It is eyident, however, that many truths, susceptible of a mathematical demon- 
stration, like that respecting the squares on the sides of a right-angled triangle, are 
disooverable by observation; and doubtiess, in the early progress of geometry, this 
method was much employed to discover the course to be adopted for the extension of 
this branch of knowledge. But had geometry, or any other part of mathematics, been 
confined to this method of investigation, would it ever have attained the rank of being 
the handmaid of inductive science— the very means by which observation has been made 
capable of deciphering the system of the universe ? 

The distinction between mathematical truth and inductive science, so dearly pointed 
out by the contrast between the properties of the alkalies, and the remarkable properties 
of the right-angled triangle above referred to, is irrefutable. 

Blagnltude. — ^We have not hitherto referred to the great object which mathematical 
science has in view, namely, to supply a measure by which all magnitudes may be 
rendered commensurable. A few words will give the steps by which this is accomplished 
in a sufficientiy clear light. 

By the propositions readily reducible to the truth, before referred to, that two 
triangles are equal, if their corresponding angles and corresponding sides be equal, any 
two rectilineal figures, however dissimilar, may be proved to be equal if they really be 
equal, or unequal if they be unequaL And this may be described as the first great 
step in Mathematical Science ; because, by means of the equivalence of triangles, all 
rectilineal figures are rendered commensurable. 

The next step in Mathematics is to find the measure of figures bounded by curved 
lines. For example, to find the area of a circle in 
rectilineal measure. 

The attempts to find the area of a circle in recti- 
lineal measure gave rise to the proof by the method 
of ^* exhaustions,*' as it is termed. 

The area of a circle is a quantity intermediate 
between the area of a polygon circumscribing the 
cirdc, and that of a similar polygon inscribed within 
the circle. If the number of sides in each of these 
polygons be successively increased, the area of the 
interior polygon is continually augmented, while the 
area of the exterior polygon is continually diminished, — ^plainly, however, on this 
condition, that though the area of each continually approaches nearer and nearer to 
the area of the circle, that of the exterior polygon can never ML short of the area 
of the circle, nor that of the interior polygon exceed the area of the circle. Thus, 
as the sides of these polygons may be increased without any limit, the difference 
between the area of the exterior polygon and the area of the interior polygon is con- 
tinually becoming less and less, or continually approaching, without reaching, to 
nothing; and though the rectilineal polygon cannot be made an exact measure of 
the curvilineal circle, yet it can be made to approach to its measure with any 
required degree of nearness. It may be remarked here, also, that this operation 
enables the unlearned reader to understand what is meant when it is said that unity 
divided infinitely ss 0. 

It was another step in Mathematics when the area of curvilineal figures eame to be 
expressed exactiy by the areas of rectilineal figures. What are called the " lunes" of 
Hippocrates, known to the ancients, afibrded one of the earliest examples of this 
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coincideiice. To «xhibit thu property, a ri^t-* angled triangle is inseribed in 
ft semicirole, and a iemicircle described on its baie and its perpendicular. Tt% portions 
of the two last semiciFeieB which lie without the original semicircle, are fonnd to be 
equal to the area of the triangle. 

The following is the kind of proof on whidi this proposition rests. It is found that 
if semicircles are described on the three sides of a rig^t- 
angled triangle, the area of that described <m the hypo- 
tenuse is equal to the joint areas of the s^nicircle on 
the base and that on the perpendicular. But the 
greater semieircle in the annexed figure consists of the 
right-angled triangle and the two arehes of that semi- 
circle cut off by the sides of the triangle, asd &e joint 
areas of the two lesser semicircles consist of the two lunar spaces cut off by the greater 
i^nicirole and the two arches of that great semiDiroie just mentioned; hence, if fiom 
each of these two equal quantities, the common quantity in both, namely, the ardieB of 
the great semicircle cut off by the sides of the triangle, be taken away, there remains 
on the <me hand the trian^e, and on the other &e lunar spates of the lesser eemi* 
oirdes, taken together, equal to each other. 

The propositions, on which die proof of this correspondence in eqn&lily depend, are 
easily Trnderetood. 

The circumference of a circle is propoirtioaal to its diameter-.^ proposition which 
may easily be shown to be a neeessary eonsequenee of the geometrical definition of 
proportion. It is not, however, so obyious that the area of one circle is to the area of 
another circle, as the square of the diameter of the first circle to the square of the 
diameter of the second circle. It is, howerer, a very important proposition, for if a 
person supposed that the areas of ctrcles 
are simply proportionate to their diame- 
ters, he mi^t eommit many serious 
ntOTi. For example, if he wished a tube, 
as a gas-tube, twice tiie eapaeity of an- 
other tube, and desired it to be made of 

equal lenglh, but twice the diameter, it would tnm out to have four times the capa- 
city ; for the equate of a Une eight inches long consists of sLKty-four square inches, 
whUe that of a line four inches long consists of only sixteen square inches. 

That the arcaus of circles are not to one another as their diameters, is a troth of which 
the learner may easily satisfy himself without any knowledge of 
Geometry ; thus : let a circle be described with any diamet^, 
and within it let two circles be described, with the diameter of 
each only half that of the outer circle; then if a oirde, with 
double the diameter of another, wore no more than double that 
of the other in area or surface, it is plain that the two inner drblee 
would just -fill up tibe outer, which is at once seen to be impofl- 
eible. It is, however, worthy of remaris, that the ciroumfBieBee 
of the outer cirole would be exactly equal to the two oircunir* 
ferences of the inner circles, which is only one among the many intftTBiriaTig and 
umexpectod truths that Geometry presents. 

But the great progress made in this part of Mathematics has arisen fimn Hie inres^ 
tigation of the areas pioduoed by the higher order of carves, as of the eorac aeetionB, 
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exempHfied in the ancienit discoYery that a par(i))ola. is leqml to tWiO^thifds of. its 
circumscribing parallelogram. 

But it would be superfluous to cany these illustrationa further, sinqe it already 
sufficiently appears what is the proper object of Mathematio8,^and that the evidsnoe 
employed in this Science uniformly consists of propositio|ks, the feyerae of whioh^ 
according to the constitution of the human mind, involves a contradlotioQ. 

Numbez. — Our observations have been confined hitherto to v^iat relates t© magni- 
tude ; but the doctrine of number is in no respect different* Thc^t 2 and 2 niake 4, 
and that 2. taken ftoai 4 leave 2, are unquestionably intuitive^ truths— 'they must be 
bdieved ; they axd necessary truths^ becaiase the qgpoeile propositions involve a con- 
tradic^iQa. 'Bat ib» truth that 10 times '10 moiEe "100, rests on the same kind of 
evidence. One repeated a buadrod tunes mokse 180. Observation is not required to 
proYSlO times 10 to be 100 ;, it is. merely wquB^d to discover if. what ia called 100 be 
IQQ^ !lf^ in. the primitive tete ef our rae^, one man, on giving another fi^ or dates, 
held up'the^fingers of bath hsaaSis ten tiawB, he who received thfflu would count them, 
not to ascertain if 10 times J.ft were 100, but to discover if he who gave the fruit had 
spoken truly as to the number. 

MatlicaBatioal BTMeace.— *A]1 Aritoietie, then, rests on the same evidenee— all 
its truths are necessary ;, and tile same may be said of Algebjca, liOgaritJwns, and, the 
Differential Gateulus. Algebra-may be descadbed as Arith«ietio earned <» by symbols ; 
so ibat the kind of opesstaien is 6»nstBn^y indiij^ated, hut not isictaally p^^omed till 
t^ relation between the given quantiliea aad the qi^antlty so^ght, be reduced to its 
simplest possible foam. . LoganthsiB depend on whet^ seeoas a singular pmperty of 
numbers ; ye* tisat property ia as certabriy deduoible froim necessary troths an any 
tnztii in Ma^emataes. If two series of jiumbers gtand ree^peetively i^ Ge<»netrieal and 
icrithmetical ratio, it m &imd that the proditet of aay twe nuinbera in the Geome^cal 
aeiries may be found by adding the eorreaponding numbers in the Arithsaetioal seades, 
and then taking the number in the Geometnoal series whi^ sta^nda opposite : and this 
is 4iie product sought. 

XosmMums* — ^Ihe most diffieult and eompiicftted aiitlmietieal «^ratiox» may be 
performed with ease and expedition by means of Logmthtnic tables; and thus; multi* 
idicatian is reduced to addition, dndsion to sKibtraetion, evoluMoU to nuxltiidicatio% mi 
the troublesomfi prooess of mvolution, or 1}ie extnuitfton of soots, to^ simple .dmsioa. 
iustronomy owes much of its pre-emiuenoe, jss an exact sfi&enee, te the diseovery of 
Logaxitiuoa, as, wi&out their aid, It woidd have been almost in^asaible to have madi^ 
tbe caleuktbus necessary i» eon&an its laws. The astronomer reduces his algdbraiq&d 
&rmnl88 to a fonn aidapted for logaiitlunic computatioa; and hifi asaistanti, l^y the 
ainaplost rules of arithmetic, ore thus enabled to compile tiie .l^autioal AlmaTiftQi 
without which the commerce of our gseat nation would be nearly dfi^tro^ed-^the 
Nautical iJmanae and a table of logarithms being 9a esseutial to the ^xiariner «a his 
eheart and eompaas. 

Sxopotlioa.-~TQ eidbibit a tithe of the uses to wbieh the sciences of quwatity and 
number can be apj^UedfWioiild fill a Tohmie. Still the only practioal usee! 1^ese.impoirta44 
sdeDcea,. Is the measuranent <»£ quantitiea be&se uuknowu. The gceat instrument iu 
all the departments of abstaraet scienee is pnoportion ; thoroughly to undesestand whioh 
is topodsess an instnunenit of knowledge aj^Heabls to ahnoat every situation ia ^, 
When Thales of Miletoe traveUed into £gypt, 600 yeaars before Christ, md aftw ths 
Greaib Pyrajeniid, he was curious to detensiiie its hei^t, whioh hithexto it |i«d b^eo 
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deemed impossible to ascertain. Observing the shadow of the pyramid as the sun 
shone upon it, stretching 
far in the opposite direc- 
tion, he struck his staff up- 
right in the sand; and 
finding the shadow which 
it cast to be exactly its 
own length, he rightly 
concluded that the shadow, 
measured from the middle 
of the base of the pyra- 
mid, must equal in length 
the height of the pyra- 
mid. He paced the sha- 
dow, and found its length 
to be 270 paces, or about 
500 English feet. Pliny, 




.^r^i*"**---' 



who relates this anecdote (lib. xxxvi. 17), expressly says that Thales measured the shorter 
shadow at the time when it was of the same length as the staff. 

But although equality in length of the shadow and the body may be allowed 
to be necessary for the discovery of this mode of mensiuration, it would quickly 
appear without any necessity for experiment, that whatever relation the shadow 
bore to the staff, the same relation of magnitude would the shadow bear to the 
height of the pyramid. The three things requisite are, the measure of the shadow 
of the* staff, the measure of the shadow of the pyramid, and the measure of the staff 
itself. But, to solve this more complex problem, the knowledge of proportion is 
necessary : namely, that when of four numbers the first two bear the same analogy 
to each other as the last two to each other, the first of the four, multiplied by the 
last of the four, is equal to the second multiplied by the third ; or, as it is usually 
expressed, the product of the extremes is equal to the product of the means: — or 
4 : 16 : : 20 : 80— that is, 4 is to 16, as 20 to 80 ; but the product of the extremes, 
4 and 80, is 320 ; and the product of the means, or middle numbers, 16 and 20, is 
also 320. But when three numbers are known, and a fourth is sought in the same 
relation to the third which the second holds to the first, it is plain that the product of 
the means can be obtained ; and that that product being also the product of the extremes 
when both these come to be known, and being divided by the first extreme, the 
second extreme will be obtained : that is, if in the above formula 16 and 20 be 
multiplied together, and the product divided by 4, the fourth number, the second 
of the two extremes, or 80, wiU be obtained. 

And this rule of proportion prevails throughout the whole range of the sciences of 
magnitude and number. In every kind of measurement proportion plays its part, with 
the exception of that which is of the rudest kind. In the measurement of the height 
of the Great Pyramid by Thales, the idea of proportion is involved, although hardly 
brought out into relief. "We will cite another example of the measurement of a height 
without distinct reference to proportion. The height of a tower or pillar — no matter 
how high — which stands on a level plain, and the foot of which is accessible, can 
be measured as soon as men have discovered that in a right-angled triangle, the sides of 
which are equal, each of the other two angles is equal to half a right angle, and the 
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perpendiwilar equal to half the hypotenuse. If the perpendicular line in a right- 
angled triangle represent a tower, it is erident thatits height is equal to half the 
h3^otenuse, or side opposite 

to the right angle at A. Thus, ^ 

if a person setting out from 
the foot of the tower pace 
the distance to the point at 
which the top of the tower is 
seen at an elevation of 46°, or 
half aright angle, the number 





the height of the tower. 
TMgonometzy.— The 

usual mode of determining 

heights is by the rules of 

Trigonometry, without any 

necessity for the angle of elevation being of a particular number of degrees. 

When a tower is accessible, the angle BC A is measured, and the base of the triangle 

CB ; the angle at B is known, being a right 
angle, and the angle at A is found by sub- 
tracting the angle at C from 90° or a right 
angle ; because since the three angles of every 
triangle are together equal to two right angles, 
the angles at C and A are together equal to one 
right angle. 

"When the foot of the tower is inaccessible, 
the angle GFE is measured, then the space 
FD and the angle FDE ; the angle EFD is 
found by subtracting GFE from two right 
angles, since every straight line falling on 

another straight line forms with it two angles, together equal to two right angles. 

But when the angles D and F in the triangle 

ED F are known, the angle at E is easily found 

by subtracting the sum of the angles D and F - 

from two right angles. But as a general mlei 

in Trigonometry, when out of the three sides 

and three angles of a triangle, any three, except 

the three angles, being given, the remaining 

three can be determined. Hence the length 

of the line A B in the triangle ACB, or the 

height of the tower, can be so discovered ; and « 

in the triangle F D E the length of E F can be 

discovered, as preliminary to the same steps. 

Motion. — The laws of motion, which make up so important a part of Natural 

Philosophy, stand at once on a different footing from mathematical truth, and from the 

principle of gravitation. It is common to enumerate three laws of motion. The first 

is, that a body under the action of no external force will remain at rest, or move 

uniformly in a straight line. The second, that when a force acts upon a body in motion, 
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ihe change of motion m magnitude and directionis the same sk if tbe %»ee acted 
npon the body at rest. Tlie third law of motion is, that -when preasmre oommiimoateB 
motion to a body, the momentum generated in a given short time is proportiaaalto tiie 
pressure, or, as given by Newton in a more general form, action and reactiontfloe equal 
and opposite. 

In order to form a correct notion of these laws, we must have definite idooB of -'bulk, 
force, velocity, motion, and pressure, as well as the modes of noeasuring them. Ifewton 
defines the mass of a body to be the product .of its density and its volume; and he 
determines the mass by its weight, because he found, by most acourate experimentgwi^ 
pendulums, that the mass is proportional to the weight. "We see that all bodien jdaced 
above the earth's surface have a tendency to fall, and exert a force upon .whatever 
support prevents them from falling ; this force we term pressure, and the meaenxre of 
this pressure is weight — bodies being said to be of equal wei^t, if they ppodoice equal 
pressure on their support ; consequently weight is a measure of the earth's attractioBx for 
heavy bodies ; but, in assuming weight to be a measure of mass, or the quantity of 
matter contained in a body of given volume, we clearly assume that the eaTth*^a scttrac* 
tion is the same for all kinds of matter; and that a cubic inch of gold weighs moreliian 
a cubic inch of copper, because the former contains more pairticles of matter than the 
latter, and not because the earth has a more powerful attraction for gold than copper — 
«n assumption abundantly confirmed by experiment. Hence weight becomes a measure 
of pressure, and consequently offeree producing pressure. "We can also estimate fierce, 
in another way, without refearence to mass, pressure, or weight. According to the first 
law of motion, a body can only move by the action of some external force ; now, the 
^ace through which it passes in a given time will afford us a measure of its velocity, 
which is only a term for the quickness or slowness of its motion ; and the velocity 
acquired in any given time will afiSord us a measure of the force which produces the 
motion of the body. Neglecting the resiBtance of the air, it is found that afl heavy 
bodies, how different soever in weight, fall through the same space, and acquire the 
same velocity at ike end at any given interval of time. It is clear, therefore, fiiat the 
measure of a force, bythe velocily it generates in a given time, in no way involves any 
conaidBration of the mass, and must therefore differ from, our ^e^ou« toeasttre of £(>ree. 

Force, measured by the velocity generated in a given time, is QiUJ/dd aoeclerating foree ; 
force, measured by weight or pressure, is termed moving force. Now, though we<ian; oon- 
ceive, as a consequence of what we have said, that two equal acoeleraliijig forces, 
acting separately on two different masses, would cause ihem to ftcquire the same velooity, 
at the end of a given time, it does not follow that these different bodies wouJ4 ptsoduoe 
the same effect on any body which might oppose their moiaxm. In osd^ that tb©y 
should do so, it is necessary that the product of the -mass imd the acquired veldcity, 
should be the same for both moving bodies. Thus a ball of 21b. weight, moving -wi&x 
a velocity of 50 feet per second, wiU cause a ballistic pendulum^ when stmckl^ it, to 
vibrate through the fiame arc as when struek by a ball of 60 lb. weight, wttih a 
velocity of 2 feet per second, or a ball of 100 lb* with a veboity of 1 foot peic second. 
The product of a body's mass, and its veloeity, is called its XDomeBatwn, or qiientitjr 
of motion. 

If we conceive two equal weights, W and W, suspended from the ettrmdtiee 
of a string passing over a pulley P, supposed to be destitute of frictiQiB, the weights 
will rnnain at rest. If we place ever so small a weight, «, on the weight W, 
the weight on which we place it must immedistely descend ; and, as hm^ as <r is 
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placed oa W, by the first law of metioii, the velodty of its deseent will. eontiiitiaUy 

increase. If we remove x the weight "W will still descend, but 

with the velocity constant, which it had acquired at the instant 

of of 9 removal. Now in this case the wei^t « is called the 

moving force, or pressure producing motion; the two weights 

W and W, together with a:, the mass moved : the vdooity of W's 

motion will be a measure of the accelerating force produced by 

X. Now it is found, by numerous careful experiments, that this 

accelerating force, multiplied by the mass moved, 2"W-f-ar, 

is always proportional to the pressure-producing motion x : and 

this is the third law of motion. 

The laws of motion cannot be proved by any series of experi- 
ments, however extensive — ^these experiments only suggest the 
laws ; and perhaps our firmest conviction of their truth arises from 
the wonderful manner in which, by combining these laws with 
th& principle of gravitation. Astronomers have been able to predict the motions of the 
heavenly bodies with such marvellous exactness, and even to point out with certainty 
the precise spot in the heavens where a planet hitherto unknown would be found. To 
some minds these laws may appear objects of intuitive belief, when once we have 
acquired correct ideas of matter, force, and motion ; but on this point some meta- 
physical difficulties clearly exist. Our natural belief in the laws of motion certainly 
differs j&om that which prevails in regard to mathematical truths ; fbr the opposite 
of mathematical truths at once presents a contradiction, while the opposite of the laws 
of motion may not exhibit itself at first as a contradiction to every mind 

Moreover the human mind cannot conceive that even Omnipotence can make 
two and two anything but four. Nevertheless, if we contemplate a heavenly -body at 
perfect rest] on the assmnption that it is fbi the time the only body in space, that 
heavenly body, in the language of the first law of motion, wiU remain at rest for ever, 
unless some cause of motion come into operation. 

In this case who wiU dare to say that it is impossible for Omnipotence to move that 
heaveqly body without applying a cause of motion ? Such an assertion would be wholly 
inadmissible, unless, among the causes of motion, it is understood that the Fiat of the 
Almignty is included 

Xhe Balance.^— The principle of the Balance 
^ seems at first sight self-evident ; for it is self- 

evident — at least to a person of ordinary intelli- 
gence — ^that if a rod of uniform material and 
dimension be fixed by its middle point on a 
pivot, and two bodies equal in weight be sus- 
pended one from either extremity, they will be 
in equilibrium. But to render this proposition 
inteUigible, the nature of gravity, as a property 
of bodies at the earth's surface, must be clearly 
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th0 eKOfiaa 



That being understood, the proposition will 
then stand thus : — Equal causes, applied exactly 
in the same manner, must produce equal effects^ 
being'^ the like number of particles tending downwards on either side of 
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the fulcrum. And, by an easy demonstration referable to self-CTident principles, it 
can be shown that when the weights diflter, there 
is, nevertheless, an equilibrium, if the fulcrum bo 



4 



at the point in the rod which divides it inversely «= 
in the ratio of the weights. ^ 

This case, however, plainly differs from the Ok 
convictions afforded by the necessary truths of 
mathematics, since the reasoning is mixed up with 
principles ascertained by experience, — the gravity 
of bodies, for example. And the same thing may 
be said of the demonstrations respecting the me- 
chanical powers in general, — the lever, the wheel 
and axle, the pulley, the inclined plane, the wedge, 
and the screw. 

In Hydrostatics it is self-evident that a solid 
and insoluble body, immersed in a liquid, must displace a quantity of the liquid equal to 
its bulk. The discovery of this fact cost Archimedes a great effort; but the 
moment it occurred to his mind, it was self-evident, and required no proof to obtain 
universal assent. That a soM floating body, like a ship of the line, displaces a 
quantity of water equal to its weight, is equally true, but not, at first sight, quite so 
obvious. 

The refraction of light, to which so many phenomena can be referred, admits of no 
explanation. The evidence of the truth of this law is ss yet derived solely from obser- 
vation ; and a wholly opposite condition of the law could be as readily received upon 
the same evidence as its actual form. 

GzaTitation. — The law of Universal Gravitation rests ultimately on observation. 
It is the greatest achievement of Inductive Science. It is expressed in the language of 
Mathematics ; but it has nothing of the character of a mathematical truth. This law 
declares the mutual gravitation of all bodies, with forces directly as their quantities of 
matter, and inversely as the squares of their distances. 

In the expression of this law bodies are conceived to consist of minute particles, 
more or less closely aggregated or packed together. In Physics, all such component 
particles of matter (differing from the laws on Chemistry) are regarded as made up of the 
same small portions of matter ; that is to say, it is a part of the law that any two parti- 
cles, at whatever distance from each other, exert the same mutual attraction. Thus the 
attraction of one body or mass of matter for another is the sum of the attractions of all 
the particles of the one towards the sum of all the particles in the other ; and if the 
attraction be equal on both sides, that is, if the attraction exerted by the one be as great 
as the attraction exerted by the other, it is determinedin the abstract, that the number 
of particles in the one is exactly the same as the number of particles in the other. But 
these two bodies, which are thus conceived to contain equal quantities of matter, may 
be either of the same magnitude, or may considerably differ in magnitude. A cubic 
foot (that is 1728 cubic inches of water,) contains no more matter than 128 cubic inches 
of mercury, which is the same thing as to say there is the same number of partidea of 
matter in 128 cubic inches of mercury as in 1728 cubic inches of water. 

The Law of Gravitation is expressed in its simplest form, as respects particles of this 
kind— namely, the particles of matter attract each other inversely as the squares of their 
distances. For example, to make the violent supposition that there is previously no 
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matter in the universe, let two particles of matter be called into existence, and observed 
first at the distance of five miles, and then at three miles from each other. Their attrac- 
tion for each other is greater at the distance of three miles than at the distance of five 
miles ; but the greater attraction is not represented by 5 and the less by 3, but by the 
squares of those numbers, that is, by the one and the other of these numbers multiplied 
each into itself, the products of which multiplication are 26 and 9. Thus the attraction 
between these two particles at five miles' distance is represented by 9, and at the dis- 
tance of three miles by 25. The law does not indicate the velocity with which two 
such particles will approach each other ; but did we know what proportion each bore 
to the whole mass of the earth, then it might be discovered by reference to the velocity 
of bodies falling near its surface — sixteen feet in the first second. 

We may here remark how the laws of motion mix themselves up with the law of 
gravitation, — ^the same supposition being continued as to the absence of aU other matter 
in space. If, after these two particles had approached to within three miles of each 
other, one of them were annihilated, all attraction would of course cease ; but the other 
particle, in accordance with the first law of motion, would continue to move onwards in 
a straight line with the velocity which it had acquired at the moment of the extinction 
of the other. 

Attraction. — ^To express the attraction exercised by the particles of the sun over 
the particles composing each of the planets, numbers must be fixed upon which express, 
in some kind of dimension, the distances of each of these frt)m the sun, and these 
numbers being squared we shall obtain a series denoting their relative attractions. To 
keep down the number of figures, it is best to choose some large measure, for example, 
the distance of the moon from the earth, or 240,000 miles. 

In the following table are set down the squares of the distances of the old planets 
from the sun, expressed in numbers, denoting how many times each planet is tnore 
distant from the sun than the moon is from the earth. 

Mercury 25,600 

Venus 78,400 

The Earth .... 160,000 

Mars 360,000 

These numbers, however, do not express the actual attraction between the sun and 
these several planets ; but only what their relative attractions would be, if each con- 
tained the same number of particles. But where an estimate is already formed of the 
quantity of matter in any planet, and that quantity is considered in connection with 
the estimate of the quantity of matter in the sun, and the actual velocity in bodies 
falling near the surface of the earth, then the elements are afforded for calculating 
the actual force of gravity between the sun and that planet. The roots corresponding 
to the numbers in the above table denote the actual distances of the planets from the 
sun, as measured by the distance of the moon from the earth, — ^namely, for Mercury, 
160 ; for Venus, 280 ; for the Earth, 400 ; for Mars, 600 ; for Jupiter, 2,100 ; for 
Saturn, 3,600 ; for Uranus, 7,600 ; or nearly as 1, 2, 3, 4, 15, 28, 54. 

It is easy to see that the law of gravitation is sufficiently stated, when made to refer 
to particles of matter, by simply saying that the particles attract each other inversely 
as the squares of the distances. For it foUows, as a'^necessary consequence, when a 
number of particles are coUocted into one mass, and a lesser number of paiticles into 
another mass, that the sum of the attractions in the one shall be to the sum of the 
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attractions in the other, directly as the number of particles in the one, is to the 
number of particles in the other. Again, when two bodies of the same bulk exhibit 
exactly the same attraction the one for the other, and under the same circumstances, 
we conclude that the number of particles in each is the same ; and this is what is 
signified when it is said that two bodies have the same density. Moreover it can be 
proved that the attraction between the centres of two spherical masses of matter is the 
same as if the whole particles of each mass were collected within their respective central 
points. 

The attraction between two bodies, or masses of particles, is measured, not by 
the mere velocity acquired by each, but by the amount of motion, or the momentum 
which each exhibits. When two masses of matter, different in the numb er of theif 
particles, ar« supposed to come into existence in fetje space at some distance from each 
other, the quantity of motion produced in each is the same. That which contains the 
greatest number of particles would move with less velocity ; that which contains the 
less number of particles with greater velocity ; but the momentum, or quantity of motion, 
in each will be the same. 

It is easy, then, to understand, on the principle of gravitation, why two bodies — for 
example, a pillow and a piece of lead equal to the pillow in weight — were there no atmo- 
sphere, would fall to the ground from a given height in the same time. Botli would liave 
the same momentum : but the momentum or impulse of the piece of lead would be 
impressed on a small portion of the surface, while that of the pillow would extend over 
a large surface, so that each point of that surface would be less affected. 

At first consideration, it may be somewhat difficult to see clearly that this great 
law of gravitation essentially differs from a mathematical proposition, as resting not on 
intuitive convictions but on observed facts. But a closer view of the whole subject 
satisfies the inquirer that no law of this kind could have been predicted d priori; that is, 
from any natural or intuitive conviction of the human mind. Such knowledge has no 
other foundation than observation. What confuses the mind is the large extent to which 
mathematical investigation is employed for the assistance aud perfection of observation. 
Here, however, mathematical investigation serves merely the office of an instrument, 
by which, indeed, the dominion of the senses over nature is almost immeasurably 
increased. 

Fhysics. — The several subjects just noticed fall strictly under the head of Natural 
Philosophy or Physical Science, and indeed merely afford examples of the kind of know- 
ledge which belongs to that great department. But when we consider that Natural 
Philosophy is ancillary to the great objects of Mechanical Science — to the construotibn 
of Time-keepers, the Hydraulic Press, the Steam Engine, Artesian Wclla, Gunnery, 
the Pendulum, Telescopes, Microscopes, the Barometer, the Tides, Bailwaya, ftc. 
• — ^we shall be able to estimate the vast importance of a knowledge of its various sub- 
divisions to men, particularly to those living in countries newly settled, and where the 
division of labour has not yet been carried sufficiently fax to save every man from the 
necessity of being his own engineer and overseer. Even in the long-established social 
communities of modem Europe, we have but to glance tiie eye over the career of indi- 
viduals of great activity of mind rather than of solid education, to discover how much 
time and money are annually wasted, in the vain hope of accomplishing whact is unat^ 
tainable. Many n man of genius in former times, imenHghtened by the kn^wlddge thiB 
Work is intended to convey, has wasted his life and fortune in fruitless eilbrte to 
diBcover-the-jerpetual motion; And although tiiis is not often now Uie objeet to whioh 
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unmBttaeted: ingenuity is directed, ther^ is still as much health, as much genius, ais 
much indxistry, as much weallii consumed on tbings unattainable as in former ages. 

Blectzic Seieiiaes. — Xhe fact that amber, after being rubbed upon wooUen cloth, 
fiiBt attracts light bodies and then repels them, and upon which the Science of Elec- 
tcioity rests,. deriv<es all the eyidence of its truth from observation. The seme may 
be said of all the discorveries hitherto made in Electricity, There is no principle in the 
whole subject which could have been inferred independently of observation. It is 
poiely a science of inductiofn; and the same remark may be made of Galvanism. 
Xt was as impossible to predict, d pnort^ the decomposition of water, and the other 
gmpzising effects of Galvanism, by the mere approximation of two metallic plates 
immersed in an acid solution, as it is to establish, d priori, after the effect is witnessed, 
that it is really due to the apparatus employed. Of Magnetism, what more can be 
said than, that certain fSEicts have been ascertained by observation ? And although it is 
now sufficiently af^arent that Electricity, Galvanism, and Magnetism are merely 
different forms of one more general science, that conclusion has been deduced, not from 
any d priori reasoning, but simply from the accumulation of facts, and the inference 
of principles from these by the common process of iaduotion. 

Under the heads just noticed, togel^ier with those of heat and light, how many 
subjects fall, of surpassing interest and of the most direct use to men in every situation 
of life ! Some years ago, when the number of steam-boat accidents in the United States 
attracted public attention, an American writer successfrdly showed that as many 
persons every year lost their lives hy lightning, within the Union, as by the bursting of 
steam-boilers. Increased knowledge and attention on the part of engineers have very 
much diminished the annual mortality fbom steam-boat accidents ; and surely it is not 
too much to expect that the great annxial loss of life hy lightning may be materially 
ciroumsoribed by a better acquaintance with the nature of the dectric fluid, and the 
precautions which such a knowledge may suggest for avoiding danger during the violence 
of a Hiunderstoim. 

GlMUijitvy*— 'But Chcfmistry supplies the best example of a purelyinductive science ; 
and the progress which Chemistry has already made is sufficient to make Imown the final 
compoffltfe)n of the bodies which man sees on every side around him. It teaches that, 
out of sixty-three simple substances, all these bodies are constituted. It shows him how 
to obtam each of those simple mbstances in a state of purity ; end, whan it is required, 
it points out how these simple substances are to be converted into such compound 
bodies as 'are. necessary to liie arts and oonvenienoes of Hfe. 

!&x C&emistay there eae no original d priori rules. There are no facts or laws 
SsoovmMb byih& mere light of theoght, independently of experiment and observation. 
All Hint '^e exereise of goduB can -do in Chemktry is to suggest new palhs to be 
explored. Chemistry, therefore, is a acienoe whieli enables us to uifiderBtand bo1& Ihe 
es^ent^tad the Janailkb of l&e Baconian preoepts. It is wholly iisductive ; and yet the 
|»imciplet wldoh indootlon has here affinrded, while they are numerous and most avail- 
-etbL^y wpe^ 00 hma of natoxe, ndlliier free from exception ncr very comprehensive. 

It is by&e study of iivs wexs pR^srties of substanoes that chemists have achieved 
flUMftof their «tt<ie6«: The early progmns of Ch^onstiy was tardy in the extreme, un^ 
gMKofn Aiddies IbU -imder rigid examination; and from tjmt date its progress has 
b««tt alnost incfedibli^ ChetniMs for ages knew of serer^ sorts of azr ; but they seem 
never to have arrived at the idea, iskiA by ddtexmining the several peculiar properties of 
tixflH^ airft tbey mi^be u^ to dMsguiah t^fm from each other. . Hydrogen gas has 
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been known from time immemorial as an inflammable vapour, which played about 
the apparatus whenever sulphate of iron was directly made by the addition of dilute 
sulphuric acid to iron filings. But although its peculiar inflammable character was 
known, and even its smeU in this way of producing it, and also that it did not appear 
unless a large proportion of water was added to the acid ; yet no one thought of seeking 
the means of identifying it when otherwise produced, until Cavendish noticed its extreme 
levity. . 

There was no deficiency of genius or industry among chemists during the period of 
this slow progress ; but with all their solicitude to pursue the precepts of Bacon, they do 
not appear to have sufficiently felt the necessity of an exact knowledge of the peculiar 
properties of every substance, and the means of its identification when present in 
minute, quantity. The only efficient aid which chemistry has derived from exact 
knowledge is the homely aid of the balance. Until recently, chemical operations were 
too rude to admit of much advantage from the nice determination of the weights of the 
substances employed in experiments ; otherwise, how many difficulties of former times 
might have been solved without delay ! 

In the experiment of biiming hydrogen gas with oxygen gas, it was remarked, at an 
early period, that the apparatus became bedewed with moisture. The gases shrank 
into nothing, and moisture was found upon the apparatus. Yet it was a long time 
before the conclusion was drawn, that the water was the product of the combustion. 
The balance would at once have settled this point, by showing that the water produced 
equalled the sum of the weights of the two gases exploded. 

The subjects which Chemistry embraces are so many necessities of man in his 
social life. A few examples of the departments of art founded on Chemistry will 
suffice to show how desirable a knowledge of Chemistry is to every man, whatever his 
occupation in life. Among these stand prominent the extraction of metals from their 
ores ; the subject of artificial Hght, or the various modes of artificial illumination ; 
the arts of dyeing and bleaching ; the substances fit for ^el ; the nature of fire- 
damp and choke-damp in mines ; the artificial production of ammonia, in reference 
to agriculture ; gunpowder ; artificial minerals ; chemical tests, and the detection of 
poisons ; ventilation, and disinfecting agents ; cements ; artificial minerals ; pigments ; 
metaUic alloys ; and other subjects which it is needless here to enumerate. 

Fhysiology. — ^Next in order to Chemistry stand the Physiological Sciences. The 
discoveries in this science are to a great extent peculiar laws of nature, while many of 
the phenomena of Hving bodies are physical, chemical, and electrical. When the 
muscular fibre shortens itself on the application of a stimulus, it is in obedience to a 
pure Physiological law. "When the impression conveyed from the surface of the body 
by a reflex nerve is succeeded by an influence transmitted to an organ of motion, it is 
in obedience to another distinct physiological law. 

Certain laws of nature acting together with the laws of motion produce the planetary 
movements, so strikingly remarkable for symmetry and harmonious union with each 
other. On the other hand, certain laws of Physiology, in apparent opposition to the laws 
of physical nature, and to the ordinary laws of Chemistry, produce effects in every way 
so surprising, as to have engaged the attention of men in all ages, upon the very peculiar 
nature of the influences by which such eflecta can be called forth and sustained with 
an almost unerring uniformity, during the various limited periods to which the exist- 
ence of individuals in the two organic kingdoms extends. 

There is nothing,, in the whole character of physiological science, more at variance 
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with the geaeral economy of nature than the limited duration, in eachindiTidnal, 
of the phenomena which constitute animal or vegetable existences ;->^and the com- 
plete isolation, throughout its whole existence, of each individual firom other por- 
tions of the organic world, after the first separation &om the parent organiEm, is 
another most striking and peculiar feature of physiological science. The innumer- 
able forms which organism assimies, in the varieties of animal and vegetable species, set 
at nought every possible idea of their source being a mere physical force of develop- 
ment, under tiie limitation of a few overruling influences. And what is not less 
remarkable than tiie characters already stated, is the manifestation, at every step, of the 
niee accommodation of means to peculiar ends, in the structure and economy of organic 
bodies, which renders it impossible to seiae the mere inductive laws of Physiology, 
without a peipetual inference to final causes. 

If it be said that the animal or plant could not have existed without certain organs 
adequate to certain ends — and thei^fore tiwt such contrivances are merely indis- 
pensable conditions of existence, — ^the answer is, that organic nature is not a necessary 
part of the economy of the tmiverse ; Hoi the material world, without the organic, was 
complete in itself; and therefore it is to be concluded, because the organic world exists 
with marks of design, such as characterise tiie works of man on earth, as distinguished 
from the works of nature, that in the origin and maintenance of the organic world 
there is manifested a special intelligence and wisdom, without continual reference to 
which Physiology wiU fail to make the progress of which it is susceptible. 

The knowledge of Physiology opens up a new field of human thought. In it we 
trace the wisdom of the Create, as in Astronomy we discover manifest proo& of his 
power. Galen said with truth, — ^* The study of Anatomy is the use of a hymn in praise 
of the wisdom of God." This is, indeed, the most dignified office of Physiology ; and 
it is in this light that it exhibits its greatest glory. But to how many subordinate 
uses is it also subservient! Under Physiology, in its lai^st sense, stand Medicine 
and Surgery. In proportion as the knowledge of even a rude Physiology has difiiised 
itself, has the value of human life increased. Both Medicine and Surgery are but 
handmaidens of Nature ; but how ineffectual — ^nay rather, how pernicious — were man*s 
natural modes of treating diseases and injuries, until the knowledge of Physiology had. 
enlightened him. One great use of a knowledge of Physiology is to teach men what they 
should avoid doing when diseases have arisen, or injuries have been sustained. He who 
understands something of the animal economy, knows with what precaution he should 
employ less known remedies ; while he knows also, that even good remedies are only 
good when seasonably used. And this knowledge, so far from unfitting him for finding 
new remedies among the natural productions of a strange place, affords him an infinite 
advantage over every one who, without such knowledge, ventures to experiment upon 
a disease. Let a man understand the general scope of Physiology, and he becomes, 
under sickness or injury, a safe guide in the wilds of Australia ; while he who is ignorant 
of the animal economy, if he uses remedies at all, uses them as much at random as in 
the days of spells, amulets, and charms. If he has studied Botany, he knows, as 
we sheJl presently see, from which families of the vegetable kingdom safe drugs may 
be taken, and from which poisonous substances may be feared. 

Man, in every country, acquires tiie most part of his knowledge by experience ; b|it 
in every complex kind of knowledge, like that which relates to man, animala, and 
plants, his experience deceives him, unless he be previously acquainted with the 
gemnal^Bcope of nature in that department. Hence a new settler in a strange counixy, 
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who understands Physiology^ has an immense adyantage over one whose ignorance does 
not allow him to interpret the things which daily come under his notice. 

Fsychology. — The vast recent progress of the physical sciences has cast into shade 
those important hranches of knowledge which rest on thought retroverted upon itself. 
Such are the Psychological sciences, — Metaphysics, Logic, Ethics, etc. 

However little has heen the progress of an exact kind hitherto made in those sciences, 
tiiere can he no douht that man is hoth capable of making, and destined to make, great 
advances in those all-important departments of knowledge. If it be asked to what end ? 
The answer is, that it is solely by the general diffusion of these sciences that language 
can be made an exact medium for the interchange of thought and opinion on all subjects 
which are not represented by sensible objects. 

In no distant time the activity of mankind must require new occupation of mind. 
The career of physics, astronomy, and chemistry, must begin to slacken, if such a slacken- 
ing has not already commenced. The world at present stands amazed at the successfid 
application of the discoveries, not quite of recent date, in the physical and chemical de- 
partments, to the arts of life — steam navigation, gas illumination, railway conununica^ 
tion, the electric telegraph, the advance of agriculture ; but even these wonders must 
lose their novelty, and the time will arrive* when the sciences of mind wiU have their 
turn of popular favour and cultivation, from which the most important fruits may be 
anticipated. 

The stagnation of the psychological sciences extends to all those which rest upon 
moral evidence ; in short, to all those which depend for their progress on precision of 
nomenclature, while the subjects of inquiry are not fully represented by sensible objects. 
There are, indeed, numerous departments of human knowledge which seem to depend on 
mere observation, in which general principles are continually deduced from apparent 
fiGUJts, while the progress made is very little commensurate with the labour bestowed 
upon them. This defect of progress arises chiefly from the so-called principles or in- 
ferences being deduced from particulars called by the same name, without being, as is 
necessary for a perfect induction, exactly identical in character. The Science of 
Grovenmient, the Science of Law, the Science of Medicine, and many other departments 
of human knowledge, come within this description. 

Statistics. — Statistics have of late assumed the character of a separate branch of 
knowledge. It is rather an art than a science ; and, when unskilfully practised, is 
subject to the greatest possible fallacies in its deductions. The evidence of statistics is 
apt to be represented as equivalent to that of demonstration. But the slightest 
consideration will show that the evidence of statistics, though capable in some 
circumstances of being demonstrative, also ranges through every degree of moral 
evidence — the possible, the probable, and the morally certain. Hence the source of the 
great errors just referred to, as often as the evidence of statistics is assumed to possess 
one uniform demonstrative character. It is manifest that in all kinds of induction the 
principles arrived at can have no higher authority than the evidence bearing on the 
identity of the several particulars out of which these principles have been drawn. 

It seems tmnecessary to go farther in illustration of the proposition that the various 
departments of knowledge, resting on moral evidence, cannot make effectual progress 
until the psychological sciences have gained a larger share of popular favour, and have 
become generally cultivated and understood. 

Natiual Histoiy . — Between Natural History and the descriptive sciences, a strict 
alliance has been closely cemented. In the advantages of this alliance both depart- 
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ments participate. Natural History was originally very rudely arranged, owing to the 
various mineral, vegetable, and animal species being grouped together, in accordance 
merely with their most obvious external characters. Wbat are termed natural systems 
of Natural History have arisen out of its alliance with tiie descriptive sciences, — the 
knowledge of the minute structure of plants and animals, and of the structure and com- 
position of mineral bodies being made subservient to the grouping together these indi- 
viduals of the three kingdoms which are most closely related to each other in internal 
as well as in external characters. 

Mineralogy.— What a field of profit to the student does Natural History present ! 
In the inorganic kingdom, how precious is the knowledge by which he can, figuratively 
at least, convert dross into gold. If a man has become acquainted with the characters of 
mineral substances, be may discover that which is regarded as worthless to be often 
of the greatest value for some purpose in the arts. A recent action at law exhibited 
one of the parties as having obtained a lease for upwards of twenty years of a coal- 
mine,— one of bituminous shale, which yields many times the price of coal for the 
manufi&cture of gas. The lease was found valid. Now, had the proprietor known a little 
of mineralogy, instead of entering upon a costly law-suit, he might have enriched 
himself by selling his own stratum at its actual value. But numerous instances could 
easily be cited, in which similar ignorance of natural objects is tantamount to loss ; and 
where, on the other hand, even a slight knowledge leads to great pecuniary benefit. 

Enowlcdge of the Mineral Kingdom implies an acquaintance with the characters by 
which the precious stones are recognised ; with the indications of the mineral forms of 
the useful metals ; with those of marbles, spars, alabasters, and ornamental minerals in 
general; with building stones, and their relative value; and with the minerals which 
characterise the several geological formations. All these subjects we propose to intro- 
duce in due timo into our Treatises ; and on how many occasions may our expositions 
of this description of knowledge prove of the utmost service in many positions of life! 
Let us state a case, as related by Professor Tennant in his Fifteenth Lecture, on the 
results of the Great Exhibition. For want of the knowledge of the crystalline form of 
the diamond, a gentleman in OaHfomia ofiiered £200 for a small specimen of quartz. 
The gentleman knew nothing of the substance, except that it was a bright, shining 
mineral, excessively hard, not to be touched by the file, and which would scratch glass. 
Presuming that these qualities belonged only to the diamond, 
he conceived that he was offering a fsiir price for the gem. The 
ofier was declined by the owner ; who, had he known that the 
diamond was never found crystallized in the form of a six-sided 
prism, terminated at each side by a six-sided pyramid, as seen in 
the larger cut, which is the exact size and shape of the stone, ho 
would have been able to detect the feet, that that for which he 
was offered £200 was really not worth more than half-a-crown ! 
The larger figure represents the piece of quartz in question ; 
the smaller, one of the more common forms of the diamond. 

Zoology. — Again, as to the Animal Kingdom, how large the 
mine of knowledge it embraces, and that of interest and importance not confined to the 
naturalist ! The merchant, the manufecturer, the agriculturist, the traveller, the sports- 
man have all to seek aid, in their several pursuits, fi:om a knowledge of this department 
of natural history. Look to the value of our fisheries, and judge how available to the com- 
mercial world becomes this knowledgeof animal nature. Nay more, but for our knowledge 
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of natural history, one of onr most important articles of food would in time have en- 
tirely disappeared from our waters, ^e aUude to the salmon, the fry of which, and 
the pair, are now universally acknowledged to be identical. Our cut represents the fish 

so well known by 
the transTene dusky 
bars which mairk its 
sides. Under the 
name of parr, it 
abounds in all sal- 
mon rivers; and, 
until the researches 
of Mt. Shaw, Sir 
"Wm. Jardine, and 

others, proclaimed it to be the young of the salnum, it fell in thousands before the 
strategies of every village boy who possessed a crooked pin and a yard or two of line. 
Science has now established its Value, and invoked regulations for its preservation. The 
angler, too, — ^how much more successful is he in his sport who has studied the 
circumstances which influence the humours of his prey ? Is it less true of the uports- 
man who unweariedly paces the moors in autumn that his success is intimatsely 
dependent on his knowledge of the habits of the game? The wild-goose chase is 
proverbial ; but, besides the actual chase of the bird, in which no one succeeds who 
does not understand its habits, there are many figurative wild-goose chases in the 
animal kingdom in which success fails from ignorance of particulars, which the study 
of Natural History could easily have supplied. A practical illustration of the benefits 
even of a slight knowledge of Zoology, presents itself in the case of a traveller 
or emigrant in some unknown country. He has pitched his tent, or raised his hut ; 
and then he finds the locality infested by serpents. He is all anxiety and fear. He 
knows not what to do ; whether to proceed to another spot, or to remain and brave the 
danger. Some acquaintance with the structure of reptiles would at once have decided 
his plans ; for with the first he Mlled he could decide whether they were venomous or 
harmless. The former — and the common viper is one— possesses, on either side of the 
head, glands which secrete their venom ; and, to conduct it to the woimd they inflict 
upon their prey, they are furnished with two hollow but long, recurved, and sharply 
pointed teeth in their upper jaw. The harmless serpents have no such apparatus; and 
thuA the two genera are at once distinguished by the absence or presence of the fang 





in question. Our cut, after Professor Owen, exhibits the skulls of the two families with 
their dental peculiarities. 

Botany. A treatise might be written on thebenefits which an acquaintance with the 

Tegetable^Kingdom is capable of affording. Of how great use is it in strange countries to 
be able to distinguish the plants fit for food, from such as are poisonous ; and to recognise 
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those which have been employed in medioine, or in any one of the numerous aits to 
which the Vegetable Kingdom is subservient. £yen an lUementary knowledge of Botany 
is of ezoeeding interest and importance. 
TraYeUera in unknown lands know full well 
that Ufe or death often depends upon their 
acquaintance with the science — asi acquaint- 
ance, it may be, not derived from learned 
treatises, but simply from little more than 
the ordinary observatiofu of those edible plants 
with ^i^ch all persons are familiar. But 
eyen this is still a knowledge of Botany. 
An all-wise Providence has so arranged that 
plants may be associated into families fr^m 
their external resemblanoes ; and, fiuth^, 
that plants possessing such resemblances to 
each other, have many properties in common. 
One of the great families of plants is the 
OrudfenB, or T amip tribe, every member of 
which, marked by very obvious characters, is 
easily recognised, and scarcely to be mis- 
taken ; and all are remarkable for edible and 
antiaeorbutic properties. The orew which 
acoompanied Vanoouver in the expedition 
of 1792, suffered severely from scurvy, fwMn 

want of vegetable food. The surgecm advisedjthatthey should make for the first hind; 

and at Cape Horn he found a plant, re- 
sembling spinach, which he directed to be 
used as food, with the happiest efiecta. This 
is nht a role without an exception ; but it 
is of such universal iqxplication that the tra- 
veller may, in his necessity, safely trust 
himself to its guidance. 

The Icosandrous plants, or such as haye 
an indefinite number of stamens attached 
to the calyx, are remarkable for their fide- 
lity to this law. They are all edible, and 
are represented by the apple and pear 
tribes, the cherry, the strawberry, &e. 

There is also another great funily — 
the grasses, the members of which exceed 
those of any other class, in number and in 
their essential importance to the whole 
animal creation. This family compre- 
hends the grasses, commonly so caUed^^ihe wheat oat, barley, rye, &c. — of our tem- 
perate climate, and the sugar canes of tropical regions ; and all possess the common pro- 
perties of being nutritious and healthfrd. During Lord Anson's voyages, on the 
failure of provisions, the mariners landed and found yegetables, which, although unknown, 
were recognised as belonging to this great family, and proved to be highly beneficial. 
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But while the value of this law is indisputable, a further knowledge of Botany is 
necessary to the trayeller ; since he will frequently find associated together edible and 
poisonous plants. Thus, the deadly Upas Tree is placed with the delicious fig. The 
magnificent Euphorbias of tropical forests yield, on the one hand, the refreshing juice 
of the E. Balsamifera of the Canaries, and the Yuca Dulce, the nutritious farinaceous 
meal of Mexico ; and, on the other, furnish to the warlike inhabitants of Ethiopia the 
poisonous juices in which they dip their arrows. 

The splendid Cactuses, also, produce the delicious milk of the Hya-hya, in British 
Guiana, and that of the Cow Tree in Ceylon, and also furnish the strychnine of medicine, 
and the far-famed wouralie poison of the banks of the Orinoco. Lastly, it frequently 
happens that, while one part of the plant yields an article of food, another is laden 
with noxious properties. Thus, if the starch furnished by the Euphorbias and Cactuses 
were eaten before the juices of the plants were expelled, speedy death would ensue; 
and, as a more familiar example, the tubers of the potatoe plant form a valuable article 
of diet, while its green-coloured fruit is poisonous. 

Geology. — Geology, again, is no longer a merely curious speculation. On the con- 
trary, it is one of the sciences which most surely leads to practical results. It has 
methodised the crust of the earth, and taught us to look for certain minerals almost as 
we look for certain books upon certain shelves of a library. Coal is nowhere found 
but in the coal-measures ; and a knowledge of the position of the coal or ironstone 
strata, and of the rocks usually associated with them, has guided the capitalist to the 
spot where he might engage in the search for these products with the least chance 
of disappointment ; and in many instances, had the directions of Science been sought 
and followed, vast sums would have been saved to the community. 

Deceived by appearances, or misled by designing individuals, persons have sought 
coal at a great expense in the wealden formation of Sussex, the oolites of Oxfordshire 
and Northamptonshire, and among the silurians of Radnorshire ; whereas attention to 
the simplest principles of Geology would have shown the folly of such attempts. 
Because Pennsylvania is rich in coal, ft was imagined, in the neighbouring state of New 
York, that the precious gift might also be foimd there ; and the resemblance of certain 
Silurian rocks, on the banks of the Hudson, to the bituminous shales of the true coal 
formation, appeared to sanction the surmise. Accordingly mining adventurers squan- 




1. Old Bed Sandstone. 2. Mountain Limestone. 3. Millstone Grit. 4. Coal Measures. 
5. New Bed Sandstone. 6. Lias. 7. Superior Oolite. 

dered away a large amount of capital; until Geology, at the invitation of the Legislature, 
authoritatively declared the futility of the attempts. 
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Our cut exhibits a section of the Grreat Bristol Coal-field, extending from the Mendip 
Hills to the north-west of Bath, a distance of about twenty miles. 



Anmnsement of Knowledge. — Besides the Sciences and the Liberal Arts, which 
last will obtain a due share of our attention, there are, among the subjects of human 
knowledge, the Arts and Manufactures, which contribute to the conyenience and com- 
fort of life ; and which may be classed under the general head of Social Economy. 

The various branches of knowledge of a practical kind connect themselves with 
corresponding branches of Science. Some arts are mechanical ; some chemical ; some 
physiological, and some purely intellectual. In all these departments there are practical 
branches of knowledge which deserve the attention of every one who desires to be 
accounted liberally educated; while there are others too technical to admit of any 
proficiency except on the part of those who devote their lives to the pursuit. Arts of 
this latter description will not enter into our plan ; but, in other respects, we shall 
exclude no branch of study which belongs to the education of an accomplished citizen. 

It is thus seen that the mode in which we design to treat our subjects is such 
as best conduces to exercise and improve the human faculties, and to open and expand 
the mind. 

Vsea off Xaowledge. — The acquisition of knowledge has two great objects ; 
namely, to obtain information for its own sake — that is, for the sake of the uses to which 
that information may be applied ; and also, by the varied exercise of apprehension, 
memory, reasoning, judgment, and other powers of the intellect, to render those faculties 
available for the purposes, however great, in which, one time or other, a man's position 
in life may require their utmost service. 

The effect of education upon the individual is easily understood. It makes him 
what he actually is, as respects the particular stores of knowledge he possesses, and the 
command of mind which he can bring to bear on every crisis of his life. But man in 
society does not stand insulated, either as respects his knowledge or his powers of 
exertion. Every maif possessed of knowledge and of ability, natural or acquired, sheds 
around him gifts of incalculable value. He is a centre or focus fix>m which light is 
diffused on every side. A person who is himself uneducated, by living among those 
who are educated, obtains no small share of the advantages which they possess. He 
picks up fragments of their knowledge ; but by far the greatest of his gains arises from 
the circumstance that, by the imitative power with which our species is so largely 
gifted, he catches the spirit of the acquired modes of thinking possessed by those around 
him ; so4;hat, although his knowledge may remain rude and disjointed, he begins to 
think like one who has received a liberal education. Thus, like charity, knowledge 
carries with it a double blessing — ^blessing him that offers, and him that receives. 

Perhaps no people as a body ever exceeded the Athenians in acuteness. This we 
may justly infer from the style of the orations addressed to them, particularly from the 
stem, direct character of those of Demosthenes. To the inmiediate education of the 
Athenian youth no very great attention appears to have been paid. We are told that 
their first instruction was in swimming and the rudiments of literature. As for those 
whose abilities were but mean, they were to learn husbandry, manufactures, and 
trades. Those who could afford the education of a gentleman were to leam to play 
upon musical instruments, to ride, to study philosophy, to hunt, and practise gym- 
nastics. Whence, then, did the Athenians as a body acquire that reputation for acute- 
ness, for which undoubtedly they were pre-eminent ? The portion of the people to 
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whieh this dtuuraoter appHed, probably at no peziod exceeded thirty thonsand, if, indeed, 
that be not too high an estimate ; since it only ezdudes the seirants and bondmen, by 
far the most considerable proportion of the inhabitants, and makes aUowance for about 
ten thousand foreigners, who were permitted to list^ but not to take part in public 
afl^urs, or in public amusements. 

The signal acuteness of the Athenians arose, tmquestionably, not from any remade- 
able superiority in their early education, but fix)m the public life which liiey liv^d, 
continually listening, in their public assemblies and courts of justice, to orators ; in the 
schools of philosophy, to discourses on human nature rather than on physical science ; 
and in the theatres, to the uniiyalled dramas of their tragedians and comic wrHers. 
Thus an Athenian, when Athens was at the height of its fame, could not be otherwise 
than acute. He took part in the deliberations regarding public affairs ; he was present 
wheneTer instruction or amusement was going forward ; and, if war arose, he fought, 
— sometimes by sea, sometimes by land. He had occasion for no language but his own ; 
his instruction was chiefly oral ; he required no books but those written almost in his 
own time ; and he could not but know his own language in all its miautenees and 
shades of meaning. He was a statesman, a legislator, a lawyer, a soldier, a philoso- 
pher, and a man of taste ; he was therefore master of all the technicalities which had as 
yet arisen in the language ; and nothing oould be spoken of, or even hinted at^ which 
he did not at once perceive and understand. 

How different is the case in modem times ! How much more must be learned ta be 
on a level with the age than was necessary in Athens ! At Athens the knowledge and 
acuteness by which an aiecomplished citizen was distinguished, come to him as easily as 
an acquaintance with town life now comes to those hopeful scions who spend their 
nights and days in the metropolitan streets. 

We cite the superior acuteness of the Athenians to illustrate the effect of the 
spread of intellig^ice fiom mind to mind, by which the improvement of a small pro- 
portion of the population becomes a sort of leaven to the whole mass, which, under 
&vourable circumstances, may quickly become similarly affected. But the history of 
the Athenian people affords us another lesson, by showing how much the world has 
changed since their time, and how much more laborious is now the task of acquiring 
knowledge, and a character for intelligence and acuteness ; for, in our day, owing 
to the rapid extension of new departments (rf knowledge, and the consequent increase 
of new terms, there is no longer that general acquaintance with the meaning of words 
which prevailed among the ancient inhabitants of Athens. 

Populav Szronu — ^We admit that, in the course of time, society, merely behaving 
included within it a small sprinkUng of persons imbued with exact knowledge, has come 
to think correctiy upon a great number of subjects, on which formerly the grossest 
errors prevailed. But this very circumstance affords the strongest inducement to promote 
education, with the utmost ^eed, through every rank of the community. There are 
still many evils more or less latentiy devastating the social fkbric, which an unproved 
state of knowledge, and the consequent more exact mode of thinking, would go far to 
correct. It is an undeniable fact, that within the last two or three hundred years a 
vast amount of positive delusion, by which the human faculties, moral and intellectual, 
were for ages kept in thraldom, has almost wholly disappeared from western Europe. 
Now, if men in general no longer seek to discover the coming incidents of a man's life, 
or distant events in the history of a people, by studying the course of the stars ; or to 
prefigure the future in the direction of a thimder-clap, or in a shower of stones from the 
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air, or in the flight of a bird, or in some peculiarity of an animal's entrails, — and that 
less ftom any profound or widely-difKised knowledge bearing on such subjects, than 
itom a more exaot mode of thinlfing on the course of nature deriTed firom the in- 
creasing, though still small proportion of educated miads influencing society — surely 
there is ground to anticipate that many of the erils still left behind — the firoits of igno- 
rance and unsound thinking — .would he eradicated by the general diffusion of education 
throughout the masses of the community. 

Ignorukce of Naiwal Xiawa. — How slight is the knowledge of the laws of na- 
ture, whith for the last two or three hundred years has fallen to the lot of each individual, 
esr&BL among the educated orders of soeiety ! And yet that mere sprinkling of know- 
ledge in such sciences as Astronomy, Meteorology, Katural History, and Anatomy, has 
sufficed to banish from this part of the world astrology, divination, soroery> witehcrafk, 
and mag^c. What an enooiuragement does this fact afbrd to perseverance in that 
course which, within the narrowest limits, has proved so successful ! But there are still 
delusions rmnaining to bo banished by the extension of sound knowledge. Does the 
favour extended by the public to clairvoyance, table-turning, and spirit-rapping tell of 
the advancement of our age beyond the standard of a former one ? The age should 
bhish for itself, and take to study. Such study would not only teach what to beUeve 
in matters of science, but put it fedrly on ita guard against blind guides, who every now 
and then arise, like i^n^ fatui, to mislead the unwary. There are two bnlHant 
examples of these in the present day, who may serve as lessons to the public in the 
time to come, as having led many astray icom the sunpUeity of truth. They are 
distingoifihed men, too-^the one an eminent chemist oi Gennany, tiie other one of the 
greatest men Scotland has produced. The public should prize both these men much, 
but truth more. It is melaneholy to think that such men should outlive their faculties ; 
but it is still more melancholy to think that the public should be so little instructed as 
not to distinguish true from frdse science. 

Statistio Fallactos. — ^The tendencies of the present age have caused exactness, 
where menmustthink without sensible forms befoarethem, to be so generally neglected, that 
authors who would lose caste and reputation for bad spelHng, and still more, for errors in 
grammar, may violate with impunity the rules of logic, so essential to the t^ehing 
of tnitli. In no department are these roles so often grossly violated as in statistical 
subjects, where wc should certainly expect something like mathematical aocuraey. Hr. 
Fair, the able medical assiistant of the Begistrar-Greneral, has pointed out a most ludi- 
crous mistake of a logical kind, which cannot be too widely exposed in an age when 
every man appeals to statistics, and deems himself competent to deal with them. The 
annual mortality in prison life being required, the statist takes the number of persons 
who have sojourned in a particular prison during the year, and also the number of 
deaths that have occurred. He then divides the farmer by the latter, and points to the 
result. Such logic is the same as if an innkeeper should boast of the healthiness of his 
house, as compared to the rest of the town, on the ground that he had, during the year, 
entertained a thousand guests, of whom only one had died; whereas the mortality 
for the rest of the town had been at the rate of twelve per thousand. On this kind 
of logic, however, Mr. Fair tells us tiiat a Frcaach minister pronounced prisons to 
be the healthiest places in the world ; and an English inspector gravely affirmed, that in 
very few situations in life is an adult less likely to die than in a well-conducted prison ! 

False Indnctioau — In the ridiculous book of one of the persons to whom we have 
referred, translated by an eminent professor of chemistry, there ia a most unpardonable 
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abuse of the term ^^ inductioiL" One of the purposes of the work is to TTiftin^ iir tli ftt 
some people can see lights assuming the form of human bodies in churchyards^ and other 
places where persons have been buried ; and we are told that the evidence on which 
the Grerman author rests this statement, is an induction of particulars. 

Now, what is this so-called induction of particulars ? A lady repeatedly says that 
she sees luminous forms over the graves of the newly-buried. Each repetition of the 
assertion is gravely set down as one of such a series of particulars, as upon which 
it is allowed to found an induction. In the first place, there is no evidence of even 
one of her assertions being founded upon anything but a vagary of the imagination. 
It is a correct induction, from the particular instances referred to, to say that the lady 
in question asserts such things; but here the induction ends, and, as regards the 
reality of the things seen, one assertion is as good as a thousand. 

It is melancholy to think that such credulity should exist among men of eminence in 
special departments of knowledge ; but still more melancholy to reflect that the very 
terms of exact logic should be misunderstood by an eminent professor of an important 
department of Physical Science. 

Sdncation. — The sentiment, so long tolerated in this country, that education might 
prove hurtful to the masses of society, and imfit them for their ordinary occupations, has 
long since either died a natural death, or, if not dead, is content to hide its diminished 
head in some unvisited comer of the land. Nevertheless it is not altogether a settled 
point what kind of education should be provided for the public. Some simple-minded 
people limit their notion of educadon to the humble acquirements of reading and writ- 
ing ; and persons of this stamp are often heard to express their surprise, when they dis- 
cover that a large portion of our criminal population arc masters of these accomplish- 
ments. Reading and writing are but the instruments by which education is acquired. 
And it has been a strange oversight that so much pains have been bestowed in provid- 
ing our population with the instruments of education, while so few have taken thought 
to put within their reach the books from which the knowledge yearned after could be 
reached. To supply in part this want is the great purpose of our present undertaking ; 
and if those who express their surprise that there are among public criminals persons 
who can read and write, would extend their ideas of education to what includes some 
acquired knowledge of God, of Man, and of Nature, they would confess that crimes are 
seldom committed by sound-minded and educated people. 

We have asserted that reading and writing are not education, but rather the instru- 
ments by which knowledge is to be acquired. It must be admitted, however, that some 
limitation may be required to this sentiment ; since it might be contended that reading 
and writing stand, in some measure, on the same footing as the several branches of what 
has been termed '^ industrial education." But although industrial education, in its 
special sense, signifies merely that sort of training by which a person may be rendered 
more apt to learn the kind of occupation which is to be his calling throughout Hfe, 
and more capable of attaining excellence in it ; yet such an education has an additional 
influence in developing the faculties, both intellectual and moral, far beyond what the 
mere accomplishments of reading and writing can produce. 

Important as industrial education is, for the simple purpose of aiding the develop- 
ment of industry, we must never lose sight of its subsidiary effect in exalting the intel- 
lectual and moral character of the individual ; nor is it to be doubted that the very best 
efPects may be anticipated from mingling in all schemes of industrial education such 
studies as belong to Physiology and Psychology, together with those of a directly 
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iadufltrial character, in order to secure a more immediate influence upon the moral 
character. 

There can be no doubt that it is x>ossible so to direct iadustrial education as to de- 
stroy much of the benefit which it is capable of conferring. There is nothing in the 
study of abstract science and physical knowledge which should withdraw the mind from 
an acknowledgment of the existence of the SpnuruAL in the economy of nature. But 
there is a mode of studying these subjects which makes the properties and laws of 
matter terminate too much in themselves, without sufficient reference to the power of 
the Infinite Intelligence by which they are maintained and supported. 

In all systems of industrial education it should be a first principle that the power 
which operates in the workings of nature should stand forth acknowledged as the Power 
OF God ; and that man's power of thinking should be confessed as being the foundation 
of all that his mere senses seem to have discovered of the course of nature. 

The term observation is likely to mislead the unwary, who are so often told that 
all human advancement depends upon observation that they are apt to forget that 
observation may serve to perpetuate error as readily as to advance truth. They lose 
sight of the essential maxim that it is instructed observation that at once discards 
error and establishes truth. It is indeed difficult for an enthusiastic student, amid 
the profusion of knowledge now set before him, not to believe that all that is neces- 
sary to enable an unprejudiced person to understand the order and course of nature, 
is simply to open his eyes and look around him. It is, then, an instructive lesson for 
him to discover that, by the same exercise of the senses which seems at once to have 
laid open the secrets of the universe, all those phantoms, which for so many centuries 
deluded the human mind, took their origin. 

What we here desire to insist upon is, the paramount influence of the state of man's 
spiritual development at any one time upon his capability of apprehending the economy 
of nature, with regard to the axiom — that the study of the agency by which knowledge 
is acquired should never be severed from the study of the things which are made the 
objects of knowledge. 

It is a common idea that the rapid progress of modem science has arisen entirely 
from a diligent use of the senses, in obedience to the precepts of the Baconian Phi- 
losophy, ^e vast progress of human thought, previous to the possibility of this 
advantageous use of the senses, is too often altogether overlooked. Thus sense is 
exalted at the expense of the higher faculties of the mind, and the conclusion arrived 
at, that the education of the sentient part of our nature is aU in all. How erroneous is 
this idea, will at once appear from the briefest retrospect of the history of man's 
progress. In man's rudest state there is no want of what passes for knowledge ; and 
his mind is so far from being barren in that stage of progress, or his memory destitute 
of ideas, that he positively bends imder the burden of his thoughts and recollections. 
Nevertheless, the greater part of this pro^ion of apparent knowledge with which his 
mind is filled is entirely false. In a somewhat later stage of progress, this early mass 
of delusion is represented by the more refined but equally worthless products of sorcery, 
magic, witchcraft, divination, and astrology. 

When we look to the history of man in the first rude ages, we discover an ap- 
palling amount of delusion, which we admit has arisen from this tendency to account 
for what he sees ; but, side by side with this heap of rubbish, we find surprising 
proo& of the exactness with which he has gathered up such laws of nature as 
are most essential to his every-day well-being. It is when the phenomena are of 



Digitized by 



Google 



28 MAN OFTEN ATTEMPTS TO ACCOUNT FOR WHAT HE SEES 



rarer occurrence, or when they are complex, or when they seldom arise under exactly 
the same form, that he falls into error. On the contrary, when phenomena ooime 
frequently imder hia notice^ if he has erred at first, he oommonly obtains the means of 
rectifying his error. As soon as he discovers distinctly that the succession i& not inya- 
riahle, he ceases to regard the two events as standing in the relation of cause aad effect 

It would be easy, then, to show that no just reproach can be thrown against this 
porinciple of man's mental constitution. All that he knows of cause and effect he has 
acquired by a reUance on this part of his mental endowments ; and we may justly 
remark that, in the early stages of hi^ progress, he must have been led to axpect^ 
through this principle, the discovery of things placed beyond hia reach, owing to the 
great success with which he had applied the same to the aoquisitioaa of knowledge fit 
for the supply of his every-day wants. 

Astrology, divination, sorcery, witchcraft, and magic, aro all pursuits seeiong to 
attain a knowledge and power forbidden to man. To these pursuits, doubtless^ he was 
led by thi^ belief, that when two events stand in immediate succession, the first is the 
cause of the second. By these studies he sought an unattainable knowledge of the 
future, and an unattainable power over the future; he was dealii^ with obscure 
phenomena ; he could not readily discover the test affbrded by a distinct failure in the 
succession; and henoe these subjects grew to the extent in which histoiry exhibits them. 
But, during aU that while, the knowledge of real causes and real effects was accumu- 
lating ; and as this real knowledge successively laid open the true order and course of 
nature, the supposed means of gaining knowledge and power, as respects the Aiture, 
began to decline. 

What we contend for is, the necessity of directing education to Ihe knowledge of the 
workings of the human mind, as well as to the study of the laws of mature. This we 
must repeat in season and out of season ; and we thiidt we have just ahowo^ by % 
sufficient detail of &cts, that man's knowledge of the course of nature is correct only in, 
so far as he understands the real character of that inteUigent ageney, his own mind,, by 
which alone, upon earth, the operations of nature are fathomed. 

It is a great eiror to attempt to reduce popular education to a low ^^andard. The 
power of thinking, and even of thinking deeply, naturally belongs to all sound-minded 
men. It is the complexity of many subjects of knowledge that have risen up among 
men which creates the diief difficulty in popular education ; and that difficulty is, 
above all, aggravated by the technicalities of words and symbols, whioh have beem 
perhaps unneeessarily affected, partioiilarly by those who ridicule the idea of popular 
education in the pr(^ounder parts of knowledge. It is quite true that access to the 
most profound and exact parts of Physical Science can only be obtained through the 
abstruse means of mathematical investigation. But there is no room for despair. 
Although it is impossible, without the application of more time and labour than can be 
spared by the busy world, to gain a practical acquaintance with the profound means of 
mathematical investigation, it is within the reach of every one to gain tolerably just 
ideas of the nature of those powerful instruments of research. All mathematical truth 
rests, as we have seen, on intuitive principles of the hmnan mind, independently of all 
experience ; and by approaching Mathematics on this side, that is, by considering the 
fiindamental principles of Mathematics in their logical form, not only are the mental 
faculties enlarged and expanded, but the want of an intimate knowledge of its details is, 
in no slight degree, supplied to the student of the general economy of nature. To 
present the various departments of Mathematies in what may be termed their meta* 



Digitized by 



Google 



WITflOtfT THE REQUISITE KNOWLEDGE. 29 



physical fonn, should be an object -with all those concerned in deyising the means of 
jdadng an enlarged education within the reach of the public. It is not to be wished 
that men engaged in active pursuits should immerse themsdyes in the deep cultivation 
of modem miathematics. Geometry, in the prosecution of which every step is made 
dear to the mind, cannot but serve to expand the faculties ; but the higher depart- 
ments of Mathematics render the operator too much of a machine, and, unless when the 
mind is happily constituted, are very apt to spoil the faculties for use in the ordinary 
concems of Ufe. 

Opinions and Pvinciplefl. — ^At the commcenement of an undertaking which 
involves so wide a range of discussion, it is incumbent upon tisto make a profession of 
the rule by which we are to be governed on all those occasions when, in the capacity of 
instmctors, we have to enter upon certain momentous questions that cannot be better 
indicated than as £allmg under the heads of opinioks and prinoiples. 

Our paramount rule will be the Iot^ of truth. Wo repudiate the materialism which 
at present contaminates so much of our popular literature on subjects of science. We 
shall endeavour to show how groundless — how imphilosophical — ^are such views of the 
economy of the universe. We shall take pains, as often as an opportunity occurs, to 
make it clear to our readers that the feumlties of the human mind are qualified to 
discover something greater than mere law in the economy of nature. We do not fear 
to promise that the proof of the operation and superintendence of an iNrmrrE and 
Pebsonal iMTBLUGEiroB will be as completely exhibited as that of the existence of any 
of the laws of nature which man has disooveied. 

We shall, on all proper occasions, combat the erroneous notion, now so generally in- 
culcated, that the discovery of a law includes all that the human mind can derive from 
the contemplation of nature. We know how plausible this notion may be made to 
appear ; and how fascinating it is to tbiuk that all the complex operations of nature can 
be reduced within the limits of a few general laws. But we know also how many are 
deceived into the belief that such an explanation of the phenomena is satisfactory to the 
human mind, as including all which, by its constitution, it desires in the search into 
nature. But do the popular writers who have adopted these views tell their disciples 
that tills specious system of law is designed to supersede all idea of cause — all idea of 
efficiency— all idea of power — all idea of an overruling Intelligence ? It wiU be easy to 
show that such is the case, notwithstanding that some may protest that, while they 
insist upon the universality of law, they never fail to profess their belief in an Omni- 
potent Creator. We admit that it is so; but we say that it requires but small pene- 
ttmtion to see that their logic leaves no room for that God in whom their lips alone 
profess a belief. 

Furtiier, we affirm, and challenge contradiction, that the great apostle of such views, 
ftom whose worbi the ideas and reasonings of these writers are chiefly drawn, makes no 
sach limitation in his doctrines ; but, on the oontrary, he explicitiy declares that the 
1^ of theology in human science is gone by— meaning, by that expression, that the 
doetrine of univeraal law has superseded the idea of a Creator. 

We know that some persons cherish the notion that the light of nature cannot carry 
men to the knowledge of God. We will not, however, enter into debate on this point 
aft ipesent ; we will only remind those to whom our argument may suggest this senti- 
ment, that what we are contending against is altogether different — namely, the pro- 
position latent in many popular treatises, that human science is positively adrstse to 
the belief in a Supreme Intsllioekcb. 
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It would not surprise us if many of those who have become fascinated with the 
apparent simplicity of that philosophy which insists upon the universality of law, should 
persuade themselves that we are misrepresenting their favourite system. They have 
not discovered that the system involves the denial of an intelligent and infinite Fibst 
Cause. We have already reminded them that the great modem apostle of the doctrines to 
which they listen with so much satisfaction expressly says, however seldom the impious 
words may have been allowed to reach their ears, that philosophy finds no place for 
God in nature. This philosopher is a most dangerous logician. It is not in his reason- 
ing that flaws are discoverable ; it is in his first principles, — and these first principles are 
exactly those which they have been seduced to think favourably of. Let them not 
forget that a rigid logic brings out falsehood as certainly as truth, if the principles be 
false. Among these first principles, all the victims of tiiis system of universal law, we 
have no doubt, are well familiaiized with that which enunciates that, between any two 
events in nature reputed to stand to each other in the relation of cause and efPect, there 
is no link discoverable except invariable sequence ; or that nothing more can be known 
of their connection, except that the one is imiformly the antecedent of the other — the 
second the uniform consequent of the first. It follows from this proposition, when 
stated as above, without any qualification, that the term "cause" is superfluous in refer- 
ence to the changes which take place in the economy of nature. Authors who have 
adopted such views, stUl employ the term cause ; but when we exaoiine the use they 
make of that term, we find it to be exactly synonymous with law. For example, if the 
question be asked what is the cause of the curvilinear path of the planets, and the 
answer is, that the attraction of the sun draws them from the straight line, the cause here 

assigned is manifestly nothing more than a 
reference to the law of gravitation. The 
question would have been answered in 
exactly equivalent terms, if it had been said, 
by the law of gravitation, two bodies mov- 
ing otherwise than in the same straight 
line defiect each other into a curvilinear 
orbit ; and if the one be much inferior to the 
other in magnitude, the less will circulate 
around the greater. I^ then, there be no case, in the whole of nature, in which, when 
a change takes place, anything more can be discovered than that an invariable antece- 
dent has been succeeded by an invariable consequent, there is no case in which the term 
cause is applicable in any other sense than as expressive of the law imder which the 
change in question fisdls, if such a law has been discovered. And if no law including the 
change has been discovered, then no cause can be assigned beyond the affirmation that 
such and such a phenomenon has been invariably observed to succeed another pheno- 
menon ; that is to say, as a particular instance of an undiscovered law. If, then, man 
can discover nothing but law in nature, there is no separate sense for the term cause; 
and if there is no room for the term cause, then there is no known instance of the exer- 
cise of power. And if man be incapable of discovering the exercise of power in the uni- 
verse, then he is incapable of discovering the hand of God ; for what is God ia nature 
but Infinite, Intelligibnt Foweb > Such is the logical conclusion from the unqualifled 
statement that nothiag is discoverable by man, in the investigation of the operations of 
nature, but a mere sequence of phenomena. 

But to this proposition we maintain that an important addition is indispensable. Man 
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caonot, indeed, discover anything but invariable sequence in the phenomena of nature ; 
but he never sees two phenomena thus succeed each other in invariable sequence, with- 
out an involimtary acknowledgment that an exercise of power has taken place. This is 
the addition required to the doctrine of law in physical science ; and this feeling of the 
exercise of power, as often as a change is seen to take place in the universe, is easily 
proved to be the light of nature, at every moment suggesting to men's minds the pre- 
sence of Omnipotence. 

This point admits of easy illustration. That our earth was once destitute of every 
liviijLg thing, plant, or animal on its surface, admits of the clearest evidence. At a 
period, how distant from our time is immaterial, the earth became stocked with plants and 
animals. Here, then, are two states of our planet to be compared together in reference 
to the signal change implied in the proposition. 

We clearly understand that the crust of the earth may at one time have been in a 
liquid state, owing to the high temperature then prevailing at the surface. Hence all 
the existing water, and all the volatile chemical compounds, such as the carbonic acid, 
now so abundantly known in combination with lime, magnesia, and other earths and 
metallic oxides, would, at that time, form a part of the atmosphere. But by the simple 
familiar process of cooling, that crust, in the course of ages, would become solidified ; the 
water, along with the less volatile bodies, would descend to the surface, and, dissolving 
the soluble substances with which it came in contact, would create in them new arrange- 
ments, from which the present character of many parts of the crust of the earth would 
be derived. In such changes nothing is apparent but the activity of laws and properties 
known to belong at this moment to the Mineral Kingdom. 

But although it be now known, from the evidence of chemical analysis, that all the 
members of the Animal and Vegetable Kingdoms are entirely composed of materials to be 
met with in the crust of the earth, never has any one property of mineral matter come to 
light, from which it could be justly conjectured tiiat there is any natural tendency, in the 
mineral substances composing organic bodies, to pass from the mineral state into any 
forms of organization, however simple. Here observation is completely at fault. No 
feet exists to form the very embryo of an induction. The doctrine of equivocal generation 
held its ground only while uninvestigated ; and the alleged results of the experiments 
of Mr. Crosse, which, if correct, would have been so easily authenticated, are believed 
by nobody but the credulous and partially Instructed. To say that we are entitled to 
assume that the germs of the organic bodies exist in the minerals of the earth, is 
to revert to the philosophy of the ancients — ^to throw aside the precepts of Bacon — ^to 
forget that induction consists in first discovering facts, and then principles. If it be 
said that this is merely an hypothesis brought forward to stimulate inquiry, we simply 
reply that an hypothesis which has not the shadow of a fact in its favour is no better 
than an idle dream. 

"We maintain, then, that the contemplation of the transition of the earth, from a state 
destitute of living things to one teeming with life, forces upon the human mind, by its 
very constitution, the conviction that in that vast change, so irreconcileable with the 
ordinary properties of the mineral matter out of which the organic world has ansen, 
there has been an exercise of Powe& — ^that is, of a Personal Intelligence — commen- 
surate with the wonders of the work which has been accomplished. 

The philosophy, then, to which we shall uniformly conform throughout our under- 
taking is easily understood. We set out with the belief that there are other truths 
within man's reach besides those determined by observation. There are, in the first 
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place, certain necessary trutihsy wMch, independently of all observatiou and experience, 
man, by the very constitution of his nature, must believe. Of these some are intuitive, 
and others established by reasoning back to the intuitive truths. The conviction in each 
individual of his personal identity, and of the reality of all acts of conaciousnsss, are 
intuitive necessary truths — also such propositions as tliat, when equals are taken from 
equals, equals remain ; that things which are equal to the same are eqvuX tp. one 
another ; that things which are doubles or halves of the same, are equal to one another ; 
that twice four arc eight ; and that when two aie taken from four two remain. All 
Mathematical demonstrations are necessary truths, not intuitive, bat resting upon 
intuitive necessary truths, being established by reasoning back to such truths; for 
example, that the angle in a semicircle is a right angle, and that two tangents to a 
circle drawn in opposite directions from the same point are equal. 

There are also intuitive truths which are not necessary truths, — ^that is, intuitive 
truths, tihe opposite of which, or a greater or less deviation from which, does not involve 
a contradiction. The intuitive truths which are not necessary truths, are such con- 
victions as the belief in an external world, and in the free agency of self; the feeling 
that every event has a cause; and that there is an exercise of power whenever a natural 
event takes place. There are also truths obtained by reasoning back to those intuitive 
truths. For example, by reasoning back to the two truths that every event has a cause, 
and that an exercise of power is felt to have occurred whenever a natural event takes 
place, we obtain the conclusion, as soon as we can combine with these the observation 
of the infinite extent of the universe, that there is an Infuhte Omnipotent Ca.U9B. 

Such truths we regard as the first principles on which the superstructure of sum's 
knowledge rests. When this acknowledgment is made, we may embark on the wide 
ocean of physical investigation, without fear of reaching those impious conclusions to 
which we have above referred. 

When we add, that every proper occasion will be seized to develope the true grounds 
on which Teleology rests, without at all infringing upon tShie precepts of Bacon with 
regard to the possible abuse of final causes in philosophical investigation, we think we 
have sufiiciently indicated the character which this work will sustain as rei^wots 
Opinions and Principles. 
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Otdef In Fhysiology. — The Physiology of Animal and Vegetable Life, being a 
subject of great extent, must be methodically treated ; and first, it is necessary to deter- 
mine what principle of arrangement is to be adopted, in order to exhibit, in a connected 
form, the complete phenomena of these kinds of existence. There are several modes m 
which such phenomena have been methodized ; and it will be conyenient briefly to con- 
sider some of these, as exhibiting a general view of the whole subject. 

The phenomena of animal and vegetable life may be described as Mechanical Pheno- 
mena, Chemical Phenomena, Electrical Phenomena, and the peculiar Phenomena of 
Excitability — ^the first three orders being common to all departments of nature. A great 
part of many of the most important actions of the perfect animal body arc purely mecha- 
nical or purely chemical, or partly chemical or partly mechanical ; while such actions are, 
in their remaining part, the result of a peculiar excitability. In the circulation of the 
blood, for example, in man, and in the animals resembling man, the blood is propelled 
onwards by mechanical forces, while these mechanical forces are called into activity in 
obedience to the laws of excitability. In the function of respiration the air enters the 
lungs in conformity with the laws of that part of mechanical science termed Pneumatics. 
The change which the blood undergoes by the contact of this air is a chemical change, or 
a change closely analogous to a chemical change ; while these laws of pneumatics, and the 
chemical laws, are brought into operation by the agency of an organic excitability. 
The fluids contained in the leaves of plants in contact with atmospheric air, by the influ- 
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ence of light, undergo a obemical change, or a change exactly analogous to a chemical 
change ; while the leaf presents its npper surface to the light, under the direction of a 
peculiar excitability. 

ExcitahiHty, however, can hardly he defined; and in the present state of physiology, 
it is more a negative than a positive term. Ail the properties of an organic tissue, whether 
from the t^T^TTTiml or from the vegetable kingdom, which are neitiier medianical nor 
chemical) fall under excitability. Thus, excitability is that which renders animal and 
vegetable tissues soBoeptible of certain phenomena, different from the phenomena pro- 
duced by the ssme canses on inert maitter. For example, with inert matter, the ikxm and 
textures of a leaf may he exactly imitated ; but such an artificial leaf wiU be destitute of 
the susoeptibility to torn towards the light in sunsbine. 

Under thsese several heads all the phenomena of plants and animals might probably be 
arranged ; hat the arrangement would be far from convenient. 

It belongs to the arrangement of the phenomena of organic Hfe to point out what 
distinction exists between an organic body and inert matter ; and the extreme divisibility 
of inert matter supplies the readiest ground of distinction. The divisibility of inert matter 
is either infinite, or, at least, such that no limit can be assigned to it— the minutest por- 
tion still retaining all the properties of the original mass. An organic body, on the 
contrary, is destroyed by division. Again, it seems a universal law, that living bodies 
alone can give origin to other living beings, either by a partial division of themselves, or 
by the process of generation ; whereas the origin of inorganic substances is always quite 
independent of any pre-existing substance of a similar kind. Finally, the actions of 
organic substances, having attained their acme of intensity, gradually decay, and at length, 
from causes which are inherent in each individual, cease altogether, when the substance 
becomes at once amenable to the operations of merely chemical and mechanical agents. 
Such is not the case, however, with inorganic substances, which maintain the same state 
imalterably, and for any length of time, provided no external agents are brought to 
operate upon them. 

But, from the very earliest times, it has been perceived that a kind of agreement exists 
between plants and animals ; and that, in certain respects, both possess a common nature. 
In the fiifth century before the Cbristian era, Empedocles taught that seeds are the true 
eggs of plants ; and that plants, like animals, exhibit difference of sex, and a degree of 
sensibility. Setting out with the idea of this c<»nmon nature of plants and animals, philo- 
sophers naturally next sought to discover some prominent mark of distinction between the 
two kinds of organic existences. Since the time of Aristotlo, in the fourth century before 
the Christian era, the search after such a distinction has been often renewed ; yet, strange 
to say, almost every distinction hitherto fixed upon, though sufficiently obvious when con- 
fined to the higher orders of plants and animals, has been found to £ul when applied to 
discriminate those organic bemgs lying on the confines of the two kingdoms. The dis- 
tinction pointed out by Aristotle has been revived in recent times, though hardly with the 
expected success. This distinction proceeds on the ground that animals receive their 
nutriment into an internal cavity before it is absorbed into the substance of the body ; 
that plants, on the contrary, absorb their nourishment by the external sur&ice. Animals^ 
in short; have a mouth and stomach ; while plants feed by the spongioles of their radicles^ 
and by their leaves. 

"While this distinction to a very great extent holds good, it cannot be affirmed that it 
has supplied an adequate test in donbtfrd cases. 

The most recent test suggested for distinguishing whether an organic existence of 
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dcubtfol aspect belongs to the yegetable or to the asmnal kingdom, is of a eh'emical character. 
Starch is a constituent of yegetable tissues j and by the blue colour which iodine imparts 
to starch, even when present in the most minute propcortion, it can be detected, whereyer 
it exists, with the greatest facility. This substance, starch, th^i, being supposed not to 
exist in the animal IringdoTn, promised to solye the long-studied problem, or, at least, to 
be the only test of distinction which, untiL y ery lately, could hold its ground ; but the 
recent researches of some German physiologists haye demonstrated the existence of par- 
tieles of an amylaceous nature in some of the lower animals; and ey^i in the brain and 
spinal cord of man a substance, termed ceUuloso, hitherto presumed to be proper to yege- 
tables, haa been diseoyered. 

It is not to be concluded, howeyer, because so great a difficulty occurs in discrimi- 
nating £rom each other those plants and animals which stand on the confines of the two 
kingdoms, that the laws goyezning the yegetable economy are identical with those 
goyeming the animal economy. 

On this important point, we will cite the following passage from the recent work of 
one of the most distinguished of living pbysiologists {y<uentin*s Physiology, by Brinton) : — 

" The constant physical and chemical changes which accompany life depend upon 
yarious exchanges, which are produced by the work of the diflBeren* parts of the body— the 
extrusion of what is useless ; the assimilation of what is received ; and the restoration 
of the organs, by which aU these operations are effected. The whole of the vegetdbk 
or general organic functions on which nutrition and generation depend, are repeated in 
every living body. It has ofben been supposed that aU their portieulars coneepond in 
the two organic kingdoms ; that there is a digestion, a respiration, a perspiratioB, and an 
excretion, in plants as weU as animals. But a more accurate examination teadhes that 
this is not the case. Vegetables possess no tissues which sdlow of the same kind of nutri- 
tive absorption, of distribution of juices, or of secretion, that we meet with in, at least, 
the higher animals. They have no large cavities in whicsh considerable quantities of food 
can be collected and dissolved by speeisd fluid secretions. They possess no point midway 
in the movement of their juices, and no mechanism, other than that of a casual and 
secondary apparatus for the inhaustion or the expulsion of the respiratory gases. They 
are devoid of the changeable epithelial coverings, which jday an important part in many 
of the aiumal excretory organs. In one word, tiie general organic functions are introduced 
into the two living kingdoms of nature, and probably into their subordinste divisions, by 
two liferent ways. This difference leads at once to the conclusion, that the structure of 
the animal is not a simple repetition of that of the plant, witlt the addition of a series of 
new apparatus. The nature of the tissues, the mode of their actions and change — ^the 
form, division, and destiny of the orgaa*— all these rather teach ua that animals of any 
development are constructed upon an altogether different plan." 

"Whatever in the above quotation may appear obscure to those to whom physiological 
ideas are new, will be cleared up, we trust, by what we are about to say on the prominent 
distinctions between those organic existoiocs which are xmequivocaUy animals, and those 
which are unequivocally plants, with reference to a basis for the arrangement of the phe- 
nomena of yegetable and animal Hfe. « 

In physiology, the term function is of continual occurrence. What, then, does func- 
tion signify ? Function is the use of a part or organ. The frinetion of the eye is sight ; 
that of the ear, hearing ; that of the lungs, the purification of the blood by ventilation : 
that of the stomach, digestion ; that of the Hver, to secrete bile. In plants — ^that of tiie 
spongioles of the radicles, to absorb from the soil ; that of the leaves, to decompoae the 



Digitized by 



Google 



36 



VEGETATIVE FCTNCTIONS. 



carbonic acid of the atmosphere, so as to appropriate the carbon for the uses of the plant ; 
that of the anther, to impregnate the ovule, by means of its secretion, the pollen ; that of 
the ovary, to mature the ovule into a seed. 

As the functions in aU the higher animals and the higher plants are numerous, there 
is room for method in the arrangement of them. Various methods have been suggested ; 
and, in accordance with some one or other of these arrangements, it has been common to 
methodize the various topics belonging to physiology. 

The kinds of function common to plants and animals, are properly termed vegetative 
functions — ^the same which are called vegetable or general organic functions in the quota- 
tion from Valentin. The kinds of function, not so obviously possessed by plants, so as to 
seem peculiar to animals, are named the animal fimctions. 

The vegetative functions are the functions of maintenance ; the animal functions ai-e 
the relative functions, or the functions of relation. The vegetative functions end in tlie 
^ ^ a b c organism of the individual, or, at most, in the 

organism of the species ; the functions of rela- 
tion establish relations between the animal and 
the world without. 

If we follow the food, in one of the higher 
animals, from the mouth to its incorporation 
with the previously existing tissues of the body, 
the waste of which it is its office to supply, we 
shall discover what are the more immediate 
d vegetative functions — ^the same which, by other 
names, are known as the functions of main- 
tenance ; the functions of nutrition ; the assi- 
r-e milative functions, or fimctions of assimilation ; 
and the functions of organic life. 

The food — let it be apiece of meat, or bread 
— ^is reduced to a pulp by the movements of the 
teeth, and the admixture of the saliva, secreted 
by the salivary glands ; it is then swallowed 
by a somewhat complex muscular action. It is 
moved about in the stomach by the contraction 
of its muscular fibres ; and, being mixed with 
the gastric juice, a peculiar fluid secreted by 
the lining membrane of the stomach, it passes 
into chyme : this chyme is then, in successive 
portions, transmitted, by muscular contraction, 
into the highest part of the intestinal tube, 
termed the duodenum, which is a kind of second 
stomach, where the partially assimilated food is 
first mixed with the bile, and then with the 
secretion derived from the sweetbread, or pan- 
creas. The mass is now ready to afford chyle, 
the immediate nourishment of the blood, to the absorbent vessels, termed lacteals, the 
extremities of which abut on the lining membrane of the higher parts of the intestinal 
tube, while the residue is sent downwards by what is termed the peristaltic action of the 
tube, for evacuation. The chyle, taken up on a very wonderful plan by the lacteal tubes. 




-'f 



f h g 

'digestive apparatus op man. 
%, oesophagns; 6, pancreas; c, stomach; 
d, spleen; «, colon; /, small intestines; 
g^ rectum ; h, anus ; t, appendix of csBcum ; 
*, csBcnm; 7, large intestines; «i, gall- 
bladder and ducts; n, liyer; o, pylorus 
and stomach. 
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CHYLK TBS8XLS. 

, thcracic duct receiving lacteal tubes 
from 6, the intestine; c, aorta. 



ia transixdtted through the singular small organs termed the mesenteric glands, whence, 

after important changes, it is again collected by 

what are named the efferent lacteal tubes; these 

by degrees imite together into a trunk, which 

joins the lymphatic vessels coming from the 

pelvis and the lower parts of the body, to form 
the thoracic duct 
ciy commencing 
in the abdomen, 
dividing opposite 
the middle of the 
dorsal vertebraB 
into two branches, 
which soon reunite, 
passing behind the 
iirch of the aorta and 
subclavian artery, 
and making its turn 
at b, where it re- 
ceives several lymph- 
atic tnmks, termi- 
nates at the point of 
Junction of the in- 
ternal jugular and subclavian veins on the left side of 
the nock, and into which it pours its contents. The chyle, 
being thus mixed with the venous blood, is carried with 
it to the right side of the heart; and, by the motion of 
tho heart, is thoroughly mingled with that blood; from 
the right side of the heart the blood, reinforced by the chyle, 
is transmitted to the lungs, where, by exposure to the air, the 
venous blood is converted into arterial ; the arterial blood, so 
i^ndered fit for the nutrition of the body, being sent forth 
from the left side of the heart, is conveyed by the aorta, the 
great arterial trunk, and its branches, to the capillary blood- 
vessels, which pervade all the sensible parts of the body. From 
these capillary blood-vessels, the several component textures of 
the living frame attract the new matter, of which they stand 
in need ; while that which is already reduced to the state of 

TOE COURSE AND TEHMiNATioN dobris, rc-cntcrs the blood of the capillary system, and returns 

OP THK THORACIC DTJCT — .,%,,-, t 1 . -, . -, «, 

qfler Wilson. With the blood, now become venous, to the right side of the 

c, the aorta ; rf, the superior heart. The blood, having become impure by the admixture 
cava ; e, the greater vena «,,■,,. ^ ./ ,. j • ^» . . « , 

azygos, in which, in some of the debns of the tissues, and from other causes, is purified, 

mammals, the duct tcr- partly by the lungs, by which a superfluity of carbon is 
thrown off, while, by the slow combustion which it sustains, 
animal heat is developed; and partly by the kidney, of which last organ the par- 
ticular office plainly is to keep the blood free from the various chemical products 
generated during the successive decompositions which the textures and their first 
debris undergo. 
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Bach is s rapid sketch of the iimctioiis nacmcd Tegetatire in the higher animalS) while 
it indicates the order in which each comes into operation. This sketch also indicates 
why the epithets nutritive and assimilatiye, often applied to this order of functions, are 
not inappropriate ; assimilatiye signifying the making a thing to he of like kmd, and 
hearing reference to the object of &ese functions heing to convert the aliment into a like 
substance with the body. Thence it appears, also, that the epithet vegetative is rightly 
applied to this order of functions ; because all the obvious functions of plants have the 
same object, namely, the conversion of their aliments, such as water, carbonic acid, and 
ammonia, into the vegetable texture. Even in popular language a person is said to vege- 
tate, when he does nothing to withdraw himself fixjm the category of those " firuges con- 
sumere nati," — bom to eat and diink. 

How inactive soever a person may be, while he vegetates he lives. It is by the 
exercise of the vegetative functions that life is preserved. As an order of functions they 
are— some more direcfly, some less directly — necessary to life. Hence the v^etativc 
functions are sometimes termed the vital functions. But the term vital, as applied to 
fhnctians, having been used for ages in a restricted sense, should be wholly hdd aside. 
By the older physiologists the term vital was confined to those functions, the uninter- 
rupted exercise of which is indispensable to the life of the higher animals ; namely, the 
circulation of the blood, the respiration, and that part of nervous action which is neces- 
sary for the continuance of the circulation of the blood and the respiration. It is 
undeniable that these three functions are pre-eminently vital. If any one of these is 
arrested, even for a very short period of time, the others likewise cease, and immediate 
death is the consequence. Thus, there are three modes of death readily produced by 
accident, or disease, corresponding to the three so-called vital functions : death by the 
heart, death by the Ixmgs, and death by the brain. 

"While, however, the remaining vegetative functions — ^Digestion, Secretion, and Ex- 
cretion, according to the terms longest in use among physiologists — may be interrupted for 
a time without the loss of life — ^being not less necessary to life in the main than the three 
functions just referred to — ^they are fully entitled to the epithet vital, unless convenience 
altogether forbade the use of that term, f , 

The vegetative ftmctions, then, are common to plants and animals, in so far as both 
plants and animals possess functions concerned in nutrition ; but the particular functions 
concerned in that process in plants do not exactly correspond to the special nutritive 
actions in animals. 

There is another order of functions common to plants and animals— namely, the 
ftmctions of reproduction. These are commonly regarded as distinct from the vegetative 
functions; although, by taking a somewhat larger view of the term "vegetative," they 
may be properly included under that name. Thus, if the vegetative functions — namely, 
the functions of nutrition or assimilation — ^be held to terminate in the individual, whether 
plant or animal, then there must be adopted a separate order of functions, under the name 
of reproductive. But if the larger, and, perhaps, more correct view, be made choice of, 
that each species is one whole in physiology, having a determinate duration, from the 
present individuals down to the last survivors, then the reproductive functions, as neces- 
sary to the life or continuance of the species, will fall under the same definition as the 
functions of maintenance in general. According to this view, then, the vegetative 
functions in plants and animals are the f\mctions during the activity of which the life of 
a species continues. 

The non- vegetative functions are not essential to life ; they are present only when the 
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flotions of tiie oi^anic being do not teiminate in itself, or in its epecioB. In man txaUt 
non-yegetatiYe functions have their highest development They are liie fimctions by 
which relations are established between the individual and the woild without. Sudi 
relations fall under the two heads of relations of knowledge and relations of power, — ^in 
general terms, the functions of locomotion and of sense. Hie same ftmetions in man 
may be described as the functions of consciousness, including sensation, thought, and 
volition. 

To this statement it need only be added that the vegetative fbnotions ooirespond to 
the functions of organic life, while the relative functions are identical with those of 
animal life. 

TABLE OF THE FUNCTIONS IN HAN. 
I. — ^VBGETATTVE PUNCTIONS. 

Sliiu^''/""""'. :::::! vit.i,ofoidAuthor.. 

Boprodaction Fonnerty aepante. 

n. — ^FUNCTIONS OP SELA.TI0N. 

Locomotion, Thought, 
Sensation, Voice. 

Such, then, is tihe ordinary general arrangement of the functions of ftTiii»<^1fli, founded 
on presumed differences in their essential condition — ^the first class, requiring for their 
display only a general property conmion to all living matter--the latter, some specific 
properties in addition. There is also another foundation for such an arrangement, in 
certain general ends, to which more or fewer of the several functions — ^independently of 
the individual end to which each is subservient — conjointly conduce. These general ends 
are three—the ultimate object of every function being either to preserve the individual in 
a state of life and health, to peipetuate its species, or to maintain its relation with the 
external world. Of these, the first extend no further than the individual, and have no 
ulterior end ; the second is exercised for the sake, not of the individual, but of the race ; 
and the third furnishes us with the only means which we possess of maintaining an inter- 
course with each other, with Nature, and with Nature's God. Their consideration is well 
calculated continually to inculcate upon the mind the main purposes of our existence as 
living and rational creatures ; and to lead us to observe, while investigating the pheno- 
mena of each function, the admirable adaptation of the means to the object, not only 
individual, but general, for which this function was appointed, and to which, in common 
with others, it conduces, as subservient, directly or indirectly, to the great end of our 
being. 

We pass over the systematic arrangements usually followed in studying the animal 
and vegetable existences, and which are commonly discussed in physiological works. 
Such subjects, in our Circle op the SciENCfBS, wiU fall under the general divisions of 
Zoology and Botany, where they will be more fully explained thaji could be possible in a 
general treatise. We therefore at once proceed to the consideration of 

THE ULTIMATB AND PROXIMATE ELEMENTS OF ORGANIC BODIES. 

The chemical constitution of Organic Bodies is most readily understood by a reference 
to what have been named their Ultimftte Mements, and their Proximate Elements. 
The T7iA?DiA.TE ELEMENTS aro all those substances found in organic matter which rank as 
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simple bodies in modem chemistry ; that ifl, bodies which have hitherto resisted oil further 
analysis. In the whole of nature, chemists admit the existence of no more than sixty- 
three or sixty-four such simple bodies. Out of these sixty-three or sixty-four elemen- 
tary substances, seventeen exist in organic nature. 

The PBOXiuATE ELEMENTS are formed by the anion of sereral of these ultimate . 
elements. Most commonly three or four ultimate elements unite in large proportion, 
while a few others are present in very minute proportion. The proximate elements, in 
which there are three principal ultimate constituents, are termed ternary compounds ; 
those containing four are called quaternary compounds. The ultimate elements, which 
enter in large proportion into the ternary and quaternary proximate elements of organic 
nature, are the simple constituents of air and watei>— namely, oxygen, nitrogen, carbon, 
and hydrogen. As examples of the proximate elements formed out of these, united in 
different proportions, we may enumerate albumen, well known under the form of white 
of egg, and caserne, the essential constituent of cheese — ^what, in short, makes up nearly 
the whole of weU-pressed cheese made from skimmed milk; also the starch extracted 
from the flour of wheat and sugar ; and lignine, which constitutes ninety-five per cent, of 
wood. 

As the proximate elements are made up of ultimate elements, so the solid textures and 
fluids of organic bodies are composed by the union of the proximate elements. By the 
union of textures, organs are formed ; by the union of organs, the body itself is framed. 
Here, then, we obtain a mixed analysis of the organic frame, in part chemical, and in part 
mechanical. 

The modem idea of the organs being made up of teadures, so that each might be con- 
ceived as being reducible to its ultimate mechanical elements, was a happy improvement 
on the ruder notion of ancient times, which represented the animal body as consisting of 
flesh, blood, bone, skin, hair, nail, gristle, sinew, nerve, brain, &c. What, then, is a tex- 
ture } This question is more easily answered by examples than by a definition. The 
muscular flesh— that is, the lean of beef or mutton—nis the muscular texture or tissue ; the 
substance of the brain and nerves is the nervous texture or tissue ; the connecting medium 
of the several organs of the body is the cellular tissue, called also the filamentous, or areo- 
lar tissue ; and these three are the best distinguished textures or tissues of the aTiimal 
body. In the vegetable kingdom, the cellular tissue is almost the only texture. 

This kind of mechanical analysis does not admit of a rigid exactness ; because it is 
only in idea, for the most part, that the decomposition can be carried out to a complete 
mechanical simplicity. Hence, in a practical point of view, we do not define a texture as 
a simple solid, as if the next act of decompoimding would bring us to the proximate 
chemical elements contained in it, but content oiurselves with saying, in the plural nimi- 
ber, that the textures are the simpler solids which enter into the structure of complex 
parts and organs. 

This general view being premised, we must now look a little more narrowly — 1st, 
into the ultimate elements ; 2ndly, into the proximate elements ; and, 3rdly, into the com- 
ponent textures of organic bodies. 

The ultimate elements are divisible into two orders : those which arc at once in larger 
proportion and more constantly present ; and those which, while they usually exist in 
small proportion, foUow a more variable rule as to their presence or absence in the several 
textures. In the first order, as before pointed to, stand Oxygen, Hydrogen, Carbon, and 
Nitrogen." In the second order we find Chlorine, Iodine, Bromine, Fluorine, Sulphur, 
Phosphorus, Potassium, Sodium, Calcium, Magnesium. Silicium, Iron, and Manganese. 
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In a tiiird order, two or three aimple bodies might be placed, which are met with acci- 
dentally along with the proper elements of organic matter. 

ULTiaiiVTE ELEMENTS OF THE FIBST ORDEIl. 

Oxygen. — ^This chemical element, when in the isolated state at common temperatures, 
exists in the form of a gas, with the properties of common atmospheric air, which is 
indeed oxygen gas diluted, and thereby rendered less energetic in its effects. Oxygen gas 
is essential to the life of plants and animals ; but unless diluted, it destroys both by its 
excessiye stimulus. It supports the combustion of combustible bodies, such as phosphorus, 
much more vividly than atmospheric air. In combination with other bodies, oxygen 
exists, diffused extensively throughout the three kingdoms of nature. Besides nearly 
malring a fourth part, by weight, of the atmosphere, it constitutes eight-ninths of the whole 
weight of the waters of the globe, and not far from one-half of the weight of the common 
crust of the earth. In the animal kingdom, it forms something less than the fourth part 
of the weight of dried muscular flesh, and one-half of the weight of lignine, which, as 
we have seen, is nearly identical with wood. There are, indeed, but few natural bodies 
at the earth's surface which do not contain oxygen. These are easily enumerated, — ^the 
few bodies which exist in a simple form ; carbon as in the state of diamond ; sulphur in 
some of its states ; such metals as are found in the virgin state ; the combinations of 
metallic bodies with chlorine, iodine, and sulphur, — ^for example, the beds of rock-salt, and 
the sulphurets of iron, copper, and zinc. 

The process of combustion, in which oxygen plays so important a part, is not alto- 
gether foreign to the subject of Physiology. Combustion is a chemical action, in which the 
union of one body with another is attended with development of heat, and, under ordinary 
circumstances, with an evolution of light. When a bit of phosphorus is introduced into a 
jar of pure oxygen gas at an elevated temperature, the phosphorus unites so rapidly 
with the oxygen, that vivid combustion is exhibited. What, then, is the source of the 
heat ? To resort to the common explanation, the compound formed has a much less 
capacity for heat than the oxygen and phosphorus taken together; hence the excess 
becomes developed or sensible, having been before latent. Or, the explanation may as 
usefully be drawn firom the rule, that when a body passes from a rarer to a denser state 
of aggregation, as from, the gaseous to the liquid or the solid state, heat is uniformly 
evolved. In the case under consideration, the phosphorus, by uniting with the gaseous 
oxygen, rapidly condenses it into a solid, in which state the compound exists ; and so, in 
obedience to that rule, much heat is evolved. In most cases of combustion, the tempera- 
ture of the combustible body must be raised considerably above the common temperature 
of the atmosphere, by some means independently of the combustion ; but as soon as the 
imion between the combustible and the supporter of combustion commences, as between 
the wick of a lamp charged with oil and the atmosphere, then new heat is developed. 

The product of the imion of the two bodies in combustion is not always solid, as in 
the case of phosphorus and pure oxygen gas, more frequently the product is gaseous ; 
thus, when charcoal, a form of carbon, bums, whether in oxygen gas or in atmospheric 
air, the product is carbonic acid gas — ^the same gas which is continually discharged from 
the limgs of animals with the expired air. Nevertheless, heat is evolved in this case, — 
the oxygen becoming considerably denser by the addition of the carbon. Of late, in the 
chemistry of the animal kingdom, the term combustion has been extended to include those 
processes of oxidation which take place slowly within the bodies of animals, accompanied 
by an evolution of heat; the distinctive name eremacausis, or slow combustion, being 
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employed in this sense. By this eremacansis, not only do the simpler fonns of carbon 
within the animal body, become changed by combination with oxygen into carbonic acid, 
but the salts which contain a vegetable acid, as the acetates, the tartrates, and citrates, pass 
into carbonates of the same base, just as the tartar of wine (the impure bitartrate of 
potassa) is changed by a destructiye heat into carbonate of potassa, so long known, as 
derived from this source, by the name of salt of tartar. 

Hitrogen. — ^Nitrogen, like oxygen, exists, at the ordinary temperature of the 
earth's surface, in the gaseous state, and possesses the common physical properties of 
atmospheric air. Unlike oxygen, however, it can support neither combnstixm nor life. 
It forms nearly four-fifths of the atmosphere by weight, it exists but sparingly in the 
mineral kingdom, and is not contained, like oxygen, in the common rocks of the crust of 
the earth. Its chief source in mineral nature, besides the atmosphere, is in two ordera of 
salts, the nitrates and the salts having ammonia for their base. It exists also in the 
compoimd mineral inflammables, such as coal, justly regarded as being of regetahle 
origin. It exists in both the organised kingdoms of nature, yet is much more eztenstvely 
diffused in the animal than in the vegetable kingdom. Under the head of the nutrition 
of plants, nitrogen must come in for a large share of attention. 

Hydrogen. — ^Hydrogen is a gaseous body, and the lightest of known ponderable 
substances. The great soiurce of hydrogen is the waters of the globe, of which it forms 
one-ninth part by weight. It does not exist in the rocks of the crust of the earth, unless 
in so far as they contain water. Combined with nitrogen, it is present in ammonia. It 
makes up about one-sixteenth part of the whole weight in the tissue of wood, and nearly 
the same in starch and sugar ; and of dried muscular flesh it forms about one-thirteenih 
by weight. In such proportions, then, does the hydrogen of water contribute to the sub- 
stance of animal and vegetable tissues. 

Carbon. — ^At ordinary temperatures carbon is a solid body ; and its most familiar form 
is the charcoal of wood. Uncombined, it exists very sparingly in the mineral kingdom; 
but combined with oxygen, in the form of carbonic acid gas, it exists abundantly, as in 
combination with earthy and metallic bases, — such as the carbonate of lime, the carbonate 
of magnesia, the carbonate of zinc. The carbonate of Ume, as chalk, marble, limestone, 
marl, is one of the most abundant substances in mineral nature ; and of this substance 
carbon forms one-seventh part by weight. In the atmosphere carbonic acid is uniformly 
present, but in variable proportion. It exists also in waters. The respiration of ani- 
mals and the combustion by common fires are continually adding to the carbonic acid, of 
the atmosphere ; while the process of vegetation is as constantly decomposing it, appro- 
priating to itself the carbon, and setting free the oxygen. In dried muscular flesh the 
proportion of carbon by weight is not far from one-half; and in the tissue of wood the 
weight of carbon is nearly three-sevenths. 

ULTIMATE ELEICENTS OF THE SECOND 0EDE&. 

Chlorine. — ^Chlcrine does not exist free in organic nature, but only in combination 
with metallic bases, or with hydrogen. The chloride of sodium, or common salt, is a con- 
stituent of the animal fluids, and in certain classes of ftnimftlg must be regarded as 
essential to life, because it is the source of muriatic or hydrochloric acid, the presence 
of which is one of the conditions of their digestion. 

Xodine .-^Iodine exists in sea-water, in some mineral waters, and in a fow minerals. 
Its chief source, however, is the oceanic algae or sea- weeds ; it exists also in sponges ; and 
has been detected in the oyster and other marine molluscs. 
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Bromine. — ^Bromine exists also in sea- water, and in some xmnerol waters. It Kas 
been foimd in marine plants, and in the ashes of at least one wniwm.]^ fhe jaatbina yiolaoea, 
one of the testaceous molluscs. 

Xluoxine. — Fluorine exists, combined with lime, in the bones and teetJi of animals. 
It has been found also in the vegetable kingdom to a sufficient extent to account for its 
existence in the animal kingdom. In the mineral kingdom it exists in great abundance. 

Sulplniz. — Sulphur exists as widely diffused in the mineral kingdom as in yolcanic 
products, also combined with metallic bodies, and in mineral waters ; and to these sources 
in the mineral kingdom should be added the sulphates, — such as the sulphates of lime, as 
selenite, alabaster, and plaster of Paris ; the sulphate of magnesia, or Epsom salts ; and 
the sulphate of baryta, or heavy spar. In the vegetable kingdom sulphur does not exist 
in much profusion ; the sulphates are among the salts met with in the analysis of vege- 
table tissues ; and sulphur is particularly found in some orders of plants, as the cruci- 
ferous family and the lichens. In the cruciferous plants — such as the coleworts--<*hfi pre- 
sence of sulphur id indicated by the smell of sulphureted hydrogen, given off during their 
decomposition. 

Fhosphozns.-^ Phosphorus hardly exists free in any part of nature. The salts 
which its acid combinations with oxygen form, are widely spread through the three king- 
doms of nature, and appear to have important offices assigned to them in the economy of 
organic life. Phosphorus exists diffiised through all fertile soils. The souroe from which 
these important constituents of vegetable and animal substances originally reach the soil, 
is now proved to be the mineral kingdom. The phosphate of lime exists in the mineral 
kingdom under two forms — ^namely, apatite and phosphorite — ^which, though in some dis- 
tricts they constitute even mountain masses, yet are not widely spread over the earth's 
surface. But recent chemical analysis has satisfactorily shown that minute portions of 
phosphates are everywhere spread throughout the earth's surface ; so that nothing is easier 
than to understand, that by the disintegration of these rocks — a process at all times in 
activity — ^minute portions of phosphates are continually added to the adjacent soil. Even 
in sea- water phosphates have been detected. As to the existence of phosphonifi in the 
vegetable kingdom, the ashes of red wheat contain, according to Liebig, 94*44 per cent, of 
phosphates ; the ashes of white wheat, 91*47 per cent. ; the ashes of pease, 86*46 per cent. ; 
the ashes of beans, 97*05 per cent, of the same salts *, whence it follows that the ashes of 
these several substances have phosphorus present in them to the extent of 16 to 20 per 
cent. And as phosphates are invariable constituents of the seeds, not only of all kinds of 
grasses and legumiuous plants, but also of the seeds of plants in general which are fit for 
food, it is not too much to say, that phosphorus, in minute proportions, is spread through- 
out the vegetable kingdom. 

In the animal kingdom phosphates make a prominent figure among its saline consti- 
tuents. It has even been believed of late that uncombincd phosphorus exists in the 
animal body, as in albumen and fibrinc. 

If the phosphates in the human body amount to about one-fifth part of its weight, as 
indicated by some calculations, then every human body must contain several poimds of 
phosphorus. The phosphates, and particularly the phosphate of lime, are the chief hard 
materials of the bones in vertebrated animals, the carbonate of lime being in very inferior 
proportion. In the true shells, as in those of the crustaceous molluscs, or testaceous 
animals, there appear to be no phosphates, the hard substance being almost entirely car- 
bonate of lime ; but in the true crustaceous animals, as in the shells of the lobster, crab, 
and crayfish, there is both phosphate of Kme and carbon*,te of lime, the latter predomi- 



Digitized by 



Google 



44 POTASSIUM DERIVED FliOM MINERALS. 



natmg. In egg-shells there is a portion of phosphate of lime, while the predominating 
constituent is the carboxxate of lime. The bone, as it is termed, of the cuttle-fish, con- 
tains no phosphate of lime. In the zoophytes the composition of the indurated part 
varies in different animals. Madrepore consists entirely of carbonate of lime, without 
phosphate ; and the red coral yields a little phosphate of lime. In the higher i^nimalg 
phosphates are found generally throughout the fluids and soft parts, as well as in 
the skeleton. 

Silicon, OY Silicium. — Silica, or silicic acid, is found in small proportion 
throughout the organised kingdoms of nature. In the animal kingdom it is met with, in 
trifling quantity, chiefly in the bones and in the urine. In the vegetable kingdom it per- 
forms the important office of imparting strength to the stem, as in grasses, so as to enable 
them to support the weight of the grain. In the stem of the equisetacea, or horse-tails, 
the silica is seen to be disposed in a crystalline arrangement. In the bamboos of the 
East Indies there occurs a deposit of pure silica in considerable masses, to which the name 
" Tabashen" is given, and to which various mystical properties are ascribed. 

Potassium. — The ashes of trees and of herbaceous plants growing elsewhere than 
on the sea-shore, contain the carbonate of potassa ; and such is the sufficient proof of 
the existence of potassium generally throughout the vegetable kingdom. The propor- 
tion of potassium varies considerably in different plants ; and those which contain a large 
proportion refuse to grow in soils not rich in salts of potassa. The carbonate of potassa 
was formerly called the vegetable alkali, as if it belonged peculiarly to the vegetable 
kingdom. But it is now weU ascertained, that aU the potassa of the vegetable kingdom 
had its original source in the mineral kingdom, whence, by the disintegration of the rocks 
containing it in small proportion, new supplies are continually passing into soils. 

In the animal kingdom potassium is not found so extensively diffused. Salts of 
potassa exist in some of the fluids of the human body, as in the blood, the milk, the 
urine. The same salts are abundant in the urine of herbivorous animals ; that is, the 
excess of potassa i«ceived with vegetable food is thrown off by the urine. 

Sodium. — In the ashes of sea-weeds, and of plants growing on the sea-shore within 
reach of sea- water, the carbonate of soda exists. Kelp and barilla are the names applied 
respectively to the soda obtained from these two sources. Soda was formerly termed the 
mineral alkali, and perhaps it is more easily obtained from the mineral kingdom than 
potassa, owing to its salts existing in a more isolated form in that kingdom ; for example, 
the chloride of sodium in the 'shape of rock-salt and sea- water, the nitrate of soda, and 
natron, found in certain districts of the globe. Soda, like potassa, exists also diffused 
through mountain rocks in minute proportion; for example, the difference between 
felspar and albite, or natron felspar, is, that in the latter the potassa of the felspar is 
replaced by soda. 

Soda is more particularly the alkali of the snimal kingdom. Besides the chloride of 
sodium, widely diffused, as already mentioned, in the animal kingdom, the sulphate of 
soda, the phosphate of soda, and various combinations of soda with the organic acids, are 
met with, particularly in the animal fluids. 

Calcium. — ^Lime, or the oxide of calcium, exists widely spread in organised nature. 
In the vegetable kingdom the salts of lime everywhere exist in minute proportion, while 
in the animal kingdom these salts accumulate so as to obtain a particular prominence, as 
has been already indicated under the head of phosphorus. 

Ittagnesinm. — ^Magnesia, or the oxide of magnesium, exists much more sparingly 
than lime in organic nature. Phosphate of magnesia is a salt of continual recurrence in 
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the chemical analysis of the parts of vegetables. Thus, in the ashes of wheat, ryo, beans, 
and pease, the phosphate of magnesia exists to a considerable extent. It also occurs in 
the human blood, and in the bones. 

Xxon. — Iron appears to possess important offices in organic nature. Its oxide exists, 
combined with phosphoric acid, in such seeds as wheat, rye, and pease ; and the oxide is 
discoverable in the ashes of various kinds of wood, — for example, in the ashes of fir- wood 
the oxide has been found to the extent of 22*3 per cent. In the animal kingdom iron 
is a imiversal constituent of the blood. 

Bianganese. — ^Manganese is found in the analysis of various woods, and also in 
the htunan hair. 

THE PBOXIMATE ELEMENTS OP OKQANIC NATURE. 

The proximate elements of organic nature are divisible into the azotised and non- 
azotised proximate elements ; that is, into those which contain nitrogen, and those desti- 
tute of nitrogen. 

Albimien, fibrine, and caseine are proximate elements, common to both kmgdoms. 
According to a view which has excited much attention, these three proximate elements 
are merely slightly modified forms of the one proximate element, proteine. Mulder, the 
author of this view, conceived that the compound to which he gave the name of proteine 
was the basis of these several substances, and that the difference in their properties 
depended on the circumstance that the proteine in each was united with a different pro- 
portion of sulphur, or, in some cases, of sulphur and phosphorus and salts. A degree of 
doubt still envelopes this view ; but certain it is, that the three proximate elements just 
enumerated, differing as they do very materially in properties, agree very closely in 
ultimate composition. All the three, whether obtained from the vegetable or from 
the animal kingdom, consist of oxygen, hydrogen, carbon, and nitrogen, with a propor- 
tion of sulphur and phosphates ; the proportion of nitrogen being about fifteen or sixteen 
per cent. 

Albumen. — ^This proximate element is most conveniently represented by the white 
of eggs. It is soluble in water, and exists dissolved in the serum, or watery part, of the 
blood, and in vegetable juices. It is coagulated by heat ; that is to say, after having 
been exposed to the heat indicated by the 160th degree of Fahrenheit's thermometer, it 
ceases to be soluble in water, and several chemical agents produce the same effect as. heat 
upon it. Albimien exists in the serum of the blood ; in the secretions poured into what 
are termed the shut cavities of the animal body, such as the thorax and abdomen ; in the 
humours of the eye ; in the bile ; in the muscular tissue ; and, more or less modified, in 
many of the animal solids. It is met with, also, in many vegetable juices, and in seeds, 
such as nuts, almonds, &c. 

Fibrine.— Like albumen, fibrine is known under two forms— the coagulated and 
the non-coagulated. The, latter is found in fresh-drawn blood and in fresh-drawn 
vegetable juices ; but, on standing, each coagulates. In the coagulated state it exists 
naturally in muscular flesh, in the gluten of wheat flour, and in the seeds of the grasses. 

Caseine. — In milk caseine is found. It does not coagulate spontaneously, like 
fibrine, nor by heat, like albumen, but by the action of acids it coagulates. Cheese made 
from skimmed milk, and weU pressed, is nearly pure caseine. The name legumine was 
formerly applied to a substance quite identical with caseine, found in the seeds of legu- 
minous plants. The ashes of caseine are rich in phosphate of lime and in potass. 
Coagulated caseine is a compound of caseine with the acid employed in the coagulation. 
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When xniliE, by long staading, seems to coagolate spontaueoiialy, the efGect ia produced 
by the preyious gexuaration of lactie acid, a portion of which has combined with the 
caseine. In the oily seeds, such as ahnonds, nuts, &c., caaeine is present, together with 
albumen. 

Ctolatine. — ^Isinglass represents the chemical body termed gelatine, which con^ 
sists of carbon, hydrogen, nitrogen, oxygen, and sulphur. To speak sliictly, it doea 
not exist iu the animal tissues, but is formed out of certain of these by the actkNi of 
boiling water. Gelatine is soluble in hot water, and by cooling forms a jelly. It is 
precipitated by tannic acid, and upon this property depends the formation of leather. 
The gelatinous tissues, as they are termed, are the bones, the tendons and ligaments, the 
cellular tissue, or filamentous tissue, and the membranes in general. Glue and size are 
formed fi:om such tissues by long boiling. Gelatine is found to be more closely allied 
to albumen, fibrine, and caseine, than was at first supposed. It is believed, howerer, 
that it cannot be transformed within the animal body into albumen, fibrine, or caseine;. 
and that is the reason why animals fed exclusively on gelatine die with symptoms of 
starvation. 

Chondrine. — ^Between gelatine and chondrine, which forms the tissue of cartila^, 
there is a close resemblance ; with this difference^ however, that chondrine is not precipi- 
tated by tannic acid. 

Kozny Matter. — Of homy matter there are two varieties, the membranous and 
the compact. The membranous constitutes the epidermis and the epithelium, or lining 
membrane of the vessels, the intestines, the puhnonary cells, &c. The compact fozma 
hair, horn, naUs, &c. Feathers are allied to homy matter. 

BenuLtosine.— The colour of the blood is due to a peculiar albuminous principle, 
termed hematosine. 

OlobiiUne. — In the blood-globules, besides hematosine, there is another sdbummous 
principle, on which the name globuline has been bestowed. 

Sxeatine. — ^There has been obtained of late, from the juice of flesh, a remarkable 
substance, to whieh the namei kreatine has been given. It is a crystaUine compound, 
consisting of oxygen, hydrogen, carbon, and nitrogen. It has neither acid nor basic 
properties. It is very soluble in hot water, and cold water retains a minute portion of it 
in solutian. By the action of strong aeids it is resolved into a new body, naaned kreati* 
nine. S[reatine has be^i found, in minute quantity, in the muscular flesh of the common 
domestic quadrupeds, and also in that of birds and fishes. 

Urea. — ^The chief peculiar constituent of the urine is urea, which consists of oxygen, 
hydrogen, carbon, and nitrogen, the last being the predominant element. Although, 
then, the constttuents of urea are the same as those of albumen, fibrine, ajid caseine, tiio 
proportions are very different. In those albuminous bodies the prcq^ortioEL of nitrogen is 
only about 15 per eent., while in urea it is 47 per cent. In those so-called forms of 
pioteine the carbon amounts to 62 or 53 per cent ; while in urea it is no mx»re than 20 
per cent. In the former, the hydrogen is very much the same per cent, as in the latter ; 
but the oxygen in urea is 27 per cent., while in the forms of proteine it is about 22 
percent. 

Viic AcidiT— In uric acid the proportion of nitrogen is also great, while that of 
carbon is also ccmaiderable. The nitrogen is present to the extent of 32 per cent., while 
the carbon amounts to 37 per cent. Uric acid is secreted, not only by aniniaU and birds, 
but also by serpents and many insects. Guano consists chiefly of uric acid combined 
with ammonia. 
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Sippweie Acida — In. the urine of graminiyorons a.T>iTnft1fl another acid has been 
diflooTered, to which the name hippurio has been giyen. In this acid there is no more 
than 8 per cent, of nitrogen. 

THE NON-AZOTISED PEOXIMATE ELEMENTS OP OSQANIC BODIES. 

Oil, or Fat. — ^For sake of convenience, we still speak of the oily constituents of organic 
bodies as prozunate elements, though, strictly speaking, the oily acids, of which these oils 
consist, are the true proximate elements. The term fixed oil, or fat, denotes a compound 
of oxide of glyceryle with certain organic acids, chiefly compounds of that oxide, with 
stearic, margaric, and oleic acids, — two of these, and often aU three, being present. In 
animals, fat occurs chiefly in the cellular membrane, or in a tissue connected with it. 
Among plants, oils occur in the seeds, capsules, or pulp surrounding the seeds, and very 
seldom in the root. 

Staidi* — Fecula, or starch, as already stated, has only lately been recorded as 
existing in the animal kingdom. In vegetable nature it is everywhere met with. It 
occurs abundantly in the seeds of the cerealia ; in the tubers of tuberiferous roots, as in 
the potato ; in the stems of palms ; and in lichens. Starch, by its ready convertibility 
into soluble forms — such as dextrine and sugar — ^is well fitted to act important parts in 
the economy of vegetable nature. It appears to be stored up in the seeds, roots, and pith 
of plants, to supply materials for some of the most essential vegetable products. 

Chun. — ^The mucilaginous compound, gum, is widely spread throughout the vegetable 
kingdom. It is soluble in water, and insoluble in spirit. Its precise uses in the vege- 
table economy have hardly yet been made known. 

Llgnine. — The basis of wood, and of the stems and leaves of herbaceous plants, is 
termed lignine, or woody fibre. It is a fibrous matter, insoluble in aU ordinary solvents, 
and is left after vegetables have been successively exposed to the effects of ether, alcohol^ 
water, diluted acids, and diluted alakalies. Lignine forms about 95 per cent, of baked 
wood, and is the chief constituent of linen, paper, and cotton. Lignine, together with 
starch and gum, constitutes the principal mass of the vegetable kingdom. 

Such are the chief proximate elements of the organised kingdoms of nature ; as to the 
rest, it would be tedious to enter upon any allusion to them at present, while such of 
them as deserve particular attention, will meet with the necessary mention in the further 
course of this treatise. 

THE CHIEF COMPONENT TEXTUEES OF ORGANIC BODIES. 

It will be sufficient to exhibit a few distinct examples of the character and properties 
of the component textures of organic bodies, without attempting, at this stage of our 
undertaking, to exhaust the whole of the details which might come under this section. 

In the ftTiiwiftl kingdom, as before hinted at, there are three well-distinguished tex- 
tures^ namely, the muscular, the nervous, and the filamentous. In the vegetable kingdom 
there is only one distinct texture, namely, the ceUular. 

The muscular^ tissue— to confine our attention to a single fibre—has the property of 
shortening and elongating itself by a molecular movement of its ininute constituent 
parts, so as to impart a mechanical impulse to the adjacent solids, or fluids. In the 
meantime the cilia, as they are termed, or the minute bodies observed in motion on 
membranous surfaces, may be ranked with the muscular texture^ though it be still 
uncertain to what extent the molecular action in. each is different. The nervous texture 
has the property of being so influenced from without, as to execute and regulate the 
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moTements of muscular fibres. The muscular and the nerrous textures admit of little 
modification, retaining nearly the same structural character under all kinds of circum- 
stances. The third texture, the filamentous, being merely the connecting medium of the 
several component parts, may be regarded as suffering various modifications, or, at least, 
as representing various other tissues, particularly membrane, bone, and cartilage. 

The Bdusculaz Texture.— Two kinds of muscular fibre are known in the 
animal kingdom, and these, in the higher animals, are well distinguished firom each 
other. One of these occurs in the voluntary muscles, and is named, from conspicuous 
cross markings, the striped muscular fibre ; ike other, found in the alimentary canal, the 
womb, and the bladder, being destitute of such cross markings, is termed the unstriped. 
In the heait and the gullet both kinds are met with. The elementary striped muscular 
fibres are arranged in sets parallel to each other ; the unstriped muscular fibres, on the 

contrary, cross each other at various angles, 
and interlace, being arranged like membra- 
nous organs enclosing a cavity, which, by 
their constriction, is contracted. 

The striped fibres are usually as long, or 

nearly as long, as the muscle in which they 

exist. They vary in diameter from onc-six- 

^ tieth to one-fifteen-hundredth of an inch; 

OONTaACTIOX OP 8TSIPED WSCLE—PhtloS. . i « . , x _t V JaI. • j. 

Trans. 1840. they are of the greatest breadth m crusta- 

Fra^rmcnt of elementary fibre of an eel partiallf ceous animals, fishes, and reptiles, and of 

contracted in water— magnified 300 diameters. i^„„x v«„«j+i» ;„ v.;,.^^ Tn,«;^ »^««<..»^ ,„';i^i. 

o, uncontracted pari ; 6, the contracted part. leas* breadth m burds. Their average width 

in the human body is one-fourteen-hundredth 
of an inch. They are not cylindrical, but more or less flattened. This primitive fibre 
consists of a great number of primitive particles, or sarcous elements, enclosed in a tubular 
organ, termed sarcolemma. 

The ordinary diameter of the unstriped fibre is from one-two-thousandth to one- 
three-thousandth part of an inch. It is doubtful if they possess a sarcolemma. The 
absence of cross stripes seems to arise from a less uniform arrangement of their interior 
particles, or sarcous elements. 

In the lower animals, the distinctive characters of these two kinds of primitive mus- 
cidar fibre begin to be confounded, especially when the fibres become much reduced in 
size. The transverse stripes become irregular, not parallel, and interrupted; and sometimes 
a fibre shows the transverse stripes near its centre ; in short, as the fibres become ex- 
tremely minute, these anatomical characters are lost ; and this may be the reason why in 
infusory animalcules, the wonderfril movements of which they are capable cannot, even 
with the best microscopes, be referred to the presence of muscular structure. 

Each primitive muscular fibre is properly regarded as a distinct organ complete in 
itself ; and there are instances in the animal kingdom of a striped muscle consisting of a 
single fibre, and this fibre containing only a single file of sarcous elements. 

Whenever a primitive muscular fibre preserves a rectilineal direction from end to end, 
the movement it imdergoes is simply rectilinear; but the compound organs, termed 
muscles, in the human body, and in the larger animals, consist of many thousands of these 
primitive muscular fibres : still, however, the result must be described as a mechanical 
traction, compounded of the rectilineal motion, in a number of minute fibres, or parts of 
fibres, as to length, that original rectilineal motion being the effect of molecular 
movement of the sarcous elements within the primitive fibres. 
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The^e primitive moacular fibres are plainly extaraTascnlar ; that is, the minute blood- 
vessels which Qoiirish them and replace their substance, continually reduced to inert 
chemical products by the exercise of living action, do not enter the fibre, but merely convey 
the blood to its exterior surface, whence the nutrient matter is attracted ijito its interior. 

Of the nervous filaments supplying the primitive muscular fibre, a like remark may 
be made as respects all those animals in which nervous filaments can be traced to the 
component fibres of a muscle. The primitive tubules of a nerve " pass among the fibres of 
a muscle, and touch the sarcolemma as they pass ; but, as far as present researches haVe 
informed us, they are entirely precluded by this structure from all contact with the con- 
tractible material, and from all immediate intercourse with it." — Fhysiologieal Anatomy, 
by Todd and Bowman, vol. i. p. 168. 

Contzactility. — ^The property of a muscular fibre to shorten itself on the application 
of a stimulus, and, by. a quick alternation, again to return to its former length, is con- 
tractility. When, then, the contractility of a muscular fibre is spoken of, the term is to 
be im.der6tood in this special sense, or as indicating the quick alternation of shortening 
and lengthening. In the works of Haller, the greatest of physiologists, this, special 
property of muscular fibre is termed irritability; But as irritability may be sometimes 
employed in a larger sense, contractility appears to be the more appropriate term. At 
the same time, it cannot be denied that irritability includes contractility ; that is to say, 
that contractility of muscular fibre is a species of irritability, and the same thing may be 
said .of excitability. The contractility of a muscidar fibre, in the sense here indicated, 
is a species, or form, of its excitability. 

The stimulants which call the contractility of a muscular fibre into activity, are 
either mechanical, as irritation with a sharp instrument; chemical, like some acid 
cbemical fiuid; electrical, like a shock of galvanism; or psychical, like the human 
volition. 

When a muscular fibre, the opposite extremities of which are attached, for example, 

to adjacent points of two bones, 
is made to shorten itself forcibly 
by the application of a stimulus, 
the more moveable point is 
drawn nearer to the more fixed 
point; and this is the great 
law on which locomotion by 
muscular fibres depends. Thus 
the fore-arm is bent upon the 
arm by a muscle, b, which 
arises from the top of the latter, 
and which is inserted at e^ at a 
short distance from the elbow- 
joint. A very slight contraction will raise the hand, but a considerable increase of 
power is required to overcome a resisting force. 

Tonicity. — ^Thcre is another fonn of muscular contraction, which may or may not be 
the result of the same property, modified by a difference of circumstances. In past times, 
however, it has been regarded as a different property, and is known by the name of tonicity. 
The character of this so-called property of the muscular fibre is better taught by examples 
than by description. If a muscle in the living body be cut right through, each portion^ 
after a few quivers, begins slowly to shorten itself in a permanent manner, so that an 
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mqfty space is left between ^tte two cut extremities* There being no tendency in tiiese 
two shortened portioiiis to letom to their Ibimer length during an indefinite term, 
this effect has usually been ascribed to a property difBerent from oontractUity, nnder the 
name of tonicity. Wheneyer, by any change of the relative natoral position of the parts 
of t^e skeleton, as by fracture or dislocation, the points to which the opposite &iA% of a 
mosele are attached are brcmght nearer to each other, the musde beoomee permanently 
shortened by the same so-called tonicity. Again, if the muscles which extend or 
straighten a jdnt become paralysed, without a corresponding loss of power in the 
antagonistic muscles which bend l^t joint, then the flexor muscles, as they are termed, 
beotnne shortened by their tonicity, and the joint remains permanenUy bent. This 
explains the permanent bent state of the elbow-joints in the paralysia of the upper 
extremities attendant on the painter's colic, to which all artisans ace ^posed whose 
occupations bring tiiem into daily contact with preparations of lead. 

Some forms of permanent lock-jaw seem to be of the same character; the mnsdies 
elosing the jaw, which correspond to flexors, remaining in fall yigour, while their anta- 
gonists have lost tiieir power. 

MEasoiilar Textii»^ — ^The muscular flesh constitutes a large proportion of the soft 
parts .of the animal frame. In the higher animals nearly the whole of the muscles are 
attached to t^e skeleton, or are skeleton-muscles. In common quadrupeds there is a peculiar 
subcutaneous muscle — the panniculus camosus — by which these animals are enabled to 
move the integuments, so as to shake off from their skin insects and other annoyances. In 
the human body there is a muscular expansion oceupying the neck, corresponding to the 
subcutaneous muscles in quadrupeds, which anatomists term ^atysma myoides. The 
platysma myoides and panniculus camosus, in higher animals, are conceived to represent 
an entire system of muscles, which, in its full development, belongs to a different part of 
the animal kingdom. For example, in the crab and lobster, the muscles which move the 
limbs are inserted into the shell, which is plainly tiie integument of these animals, though 
in them it takes the place of a skeleton. Thus the muscles of locomotion in the crab and 
lobster are a highly developed system of subcutaneous muscles, corresponding to the 
platysma and panniculus, or the hypodermal system in mammals, and which, as opposed 
to tiie skeleton system of muscles, belongs in general, under its developed state, to all 
animals, with the exception of the vertebrata. As organs of motion, the ciliary processes, 
or cilia, might bo spoken of with the muscular tissue ; but will be referred to else- 
where. 

Henroofl Texture. — ^The nervous matter exhibits two forms, the vesicular and the 
fibrous. The vesicular nervous matter is gray, or cineritious, in colour, and granular in 
texture ; it contains nucleated nerve- vesicles. The fibrous nervous matter is white and 
tubular ; in some parts, however, it is gray, and its fibres are solid. "When both these 
kinds of nervous matter are united into a variable-shaped body, that body is termed a 
nervous centre ; and the threads of fibrous matter which pass to and from it, are termed 
nerves. The office of the latter is called " intemimcial ;" tiiat is, they establish a com- 
munication between the several parts of -the body and the nervous centre, and between 
the nervous centre and the several parts of the body. 

Of all the solids, the nervous matter comes nearest to the flilid condition. It contains 
from three-fourths to seven-eighths of its weight of water. In general terms, its chemical 
toalysis may be thus given : albumen, seven parts ; fatty matter, five parts ; water, 
eighty parts ; while the remainder consists of iaorganic znatter. the chief of which is 
^hosj^orus, if not free, in the state of phosphoric acid. 
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iTKBVs TVBB8 OT THX BXL, in Water 
and ethev— after Todd and Bote* 
man. Magnified 900 diameters. 



The fibrous nervous matter is most eztensiTdy diffiised Hixoiij^iout tliB anfmal bo^. 
It enters largely into the nervous centres, and is the 
chief constituent of the nerves, which extend in every 
direction. Besides the tubular fibre, or nerve-tube, there 
is also what is termed the gelatinous fibre ; the latter 
is much less abundant, being found chiefly in the great 
sympathetic nerve. In the tubular fibre, there is ex- 
ternally the tubular membrane, analogous to the sarco- 
lemma of the striped muscular fibre. A white substance, 
called the white substance of Schwann, forms an in- 
terior tube, and within that the material is transparent. 
The nerves-tubes lie parallel to each other, and never 
branch. In the cut, a represents a nerve tube in 
water. The delicate line <hi its eixterior indicates the 
tubular membrane. The dark, doable-edged inner one, 
is tho white substance of Schwann, slightly wrinkled. 
b is the same in ether. Several oil-globules have 
coalesced in the interior, and others have accumulated 
round the exterior of the tube. The white substance has 
in part disappeared. 

The vesicular matter exists in the nervous centres ; 
but is never found in nerves. It essentially consists 
of vesicles or cells, containing nuclei and nucleoli. The wall of each vesicle is formed of 
an extremely delicate membrane, containing a soft but tenacious finely granular mass. The 
prevailing form is globular ; but that figure is liable to be changed by packing. There is 
also a kind of nerve-vesicle, termed caudate, from exhibiting one or two tail-like 
processes. 

A nerve is a leash of nerve-fibres, surrounded and connected by areolar tissue. The 
areolar tissue surrounding the nerve-fibres is called the neurilemma : from the internal sur- 
face of which, processes are sent inwards, to form partitions between the smaller leashes 
and the individual fibres. The blood-vessels are distributed upon the investing neuri- 
lemma and its partition-like processes— and thus the individual nerve-fibre is, like the 
ultimate fibres of the muscles, extravascular. The nerve-fibres within the sheath lie in 
simple juxtaposition, the several fibres being parallel to each other. These fibres, which 
in the cerebro-spinal nerves are chiefly of the tubular kind, while varying considerably, 
do not exceed the one-fifteen-hundredth of an inch in man and the mammalia. 

Aveolav Ttsaue, Membnnea, &C.— The areolar tissue of recent authorities has 
a very perplexing number of names. Among the newer names applied to this tissue, 
is that of filamentous tissue. It is the tela cellubsa, the cellular tissue of the older autho- 
rities, called also cellular substance ; but, in its ultimate structure, it appears to be of a 
fibrous diaracter, and hence the term cellular is inappropriate. The areolar tissue is most 
extensively difPdsed over the animal body, connecting the other component parts of the 
frame in such a manner as to allow of a greater or less freedom of motion between them. 
Owing to this manifest use of the areolar tissue, the additional name *' connexive tissue " 
has been proposed for it. It is placed in the interstices of other textures in greater or 
less abimdance, and in a more or loss lax state, according to the exigencies of the case. 
It everywhere surrounds the blood-vessels, and is hardly absent in parts supplied With 
blood. In the more solid parts of bone, in teeth, and cartilage, it does not exist; xm 
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scarcely in the substance of the brain, except around the larger blood-yessels. In the 
muscles it connects the elementary fibres together, yet does not penetrate the sarcolemma, 
or touch the contractile elements within. It is remarkable, that abundant as it is in the 
muscles at large, it is in very sparing proportion within the substance of the heart. It 
exists largely immediately beneath the skin ; and hence it is this las layer of areolar tex- 
ture which is the seat of the dropsy termed anasarca, and of the occasional accumulation 
of air termed emphysema. 

The areolar texture, moreover, surrounds all the organs, particularly those, like the 
pharynx, gullet, lumbar colon, bladder, &c., which have no free surface. It dips also 
into the interior of organs, and connects their proper anatomical elements together. It 
appears, however, that the importance of the areolar tissue in the parenchymatous organs, 
as they are named — the lungs, the liver, &c. — has been overrated. It always attends 
the distribution of the blood-vessels in such organs ; " but wherever, either from the 
intricacy of the interlacement of the capillaries with the other essential elements of the 
particular organ, or the greater strength of these elements themselves, the firm contex- 
ture of the whole is provided for, while litde or no motion is required between its parts, 
this intersticial filamentary tissue will be found to bo confined to the larger blood-vessels, 
and to the surface of the natural subdivisions of the organ." — Todd and Bowman, vol. i. 
pp. 77, 78. 

Under the microscope, the areolar tissue presents an inextricable interlacement of 
tortuous and wavy threads, intersecting one another in every direction. Of these 
threads there are two kinds, the white fibrous element, and 
the yellow fibrous element. The threads of the former are 
inelastic, of unequal thickness, forming bands with the marks of 
longitudinal creasing, the largest of the bands being often one- 
three-hundredth part of an inch in width. The threads of the 
latter are long, single, elastic, branched filaments, disposed to 
curl when not put upon the stretch, and for the most part about 
the one-eight-tiousandth part of an inch in thickness. They 
interlace with those of the white fibrous element, but there 
appears to be no continuity of substance between them. By 
the crossing in endless succession of these microscopic filaments, 
and of their fasciculi, there results a most intricate web, the 
interstices of which are most irregular in size and shape, while 
all necessarily communicate with one another. These inter- 
stices are not cavities possessed of definite limits, since they 
fl, white, and ft, yellow ^^» ^ ^^^ formed out of a mass of tangled threads. It appears 
khronsiisaxie, after Todd at once, then, that the term cell is inappropriate to these 
fl^dsiodTameterJ!''^^" interstices. In certain parts, however, of this texture, 
secondary cavities, not inappropriately termed cells, occur, 
particularly in the subcutaneous cellular tissue in which fat accimiulates. These 
secondary cavities, or cells, often visible to the naked eye, have a somewhat determinate 
shape and size. 

The fatty or adipose tissue has the like office of filling up interstices with the areolar 
tissue ; and hence, being found almost constantiy associated with that tissue, it has been 
too commonly regarded by anatomists as merely one of its modifications. The adipose 
and areolar tissues, however, appear to be altogether distinct and independent. It has, 
indeed, long been remarked that there are many situations in which areolar tissue 
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uniformly exists in wliicli fat never appears, while there are some sitnations—- for 
example, in the canceUi of bones — exhibiting a copious deposit of fat, without any 
vestige of areolar tissue. And as the two tissues seem to be quite distinct, even in 
those situations where both exist in proximity, the old term adipose cellular tissue should 
be discarded. 

Fat is not to be confounded with adipose tissue. The 'tissue is the thin membrane, 
thrown into closed vesicles, or cells; the fat is what 
these vesicles, or cells, contain. The tissue, or mem- 
brane, is about the one-twenty-thousandth part of an 
inch in thickness, and is quite transparent ; it is of the 
simplest structure, and incapable of further mechanical 
analysis. Each vesicle is a distinct organ in itself 
varying from one-three-hundredth to one-eight-hun- 
dredth part of an inch in diameter. 

The fet itself is a form of oil, resolvable into stearine, 
oleine, and margarine. 

Fat is extensively diffused through the animal king- 
dom. It exists not only in perfect insects, but also in 
the larvse. It is found in molluscs. In all the tribes 

^. r„ ^^ J T. of vertebrated auimala it is met with. In many fishes 
rxT vwiCLES^^ifler Todd ana Bow- ... - j i • .t. t .-. i xv •L-^- 

maM.assumingthepolyhedralforra It « found only in the hver,-as. the cod, the whiting, 
from pressure against one another, the haddock, and the rays. In reptiles it exists chiefly 
in the abdomen. In the frog, toad, &c. it is found 
in long bands on each side of the spine. In birds it exists chiefly between the peri- 
toneum and the abdominal muscles ; also, however, in the bones of the extremitiea, 
particularly of the swimming tribes. In mammals generally it abounds, yet with some 
exceptions ; for example, the hare, in which sometimes hardly a particle of fat is dis- 
coverable. 

In the healthy human foetus fat accumulates in considerable quantity after the middle 
of the period of gestation. The quantity of fat in a moderately fat man has been esti- 
mated at about one-twentieth of his weight. 

The white fibrous tissue and the yellow fibrous tissue are not confined to the areolar 
texture. Tho white fibrous, or inelastic fibrous tissue constitutes the ligaments of the 
joints and skeleton, tho tendons of the muscles, and the membranes termed fibrous 
membranes. The yellow fibrous tissue, or the elastic fibrous tissue, forms some struc- 
tures of great importance in which elasticity is requisite, as in the Hgamenta subflava of 
the spine, and various parts of the mechanism of the larynx and windpipe. A peculiar 
modification of this texture constitutes the middle or proper coat of the arteries. 

Simple membrane, together with epithelium, or epidermis, constitutes the tegumentary 
surface of the body, internal and external, or tho mucous surfaces and the integuments ; 
while an epithelium, spread over expanded cellular tissue, constitutes the serous mem- 
branes, or the linings of tho shut cavities. 

In the higher animals the mucous and serous membranes are well distinguished from 
each other. The former line tho open cavities of the body : one extends in man, for 
example, frx)m the frontal sinus into the cavities of the nose, ear, and mouth, and 
descends by the windpipe to line the countless number of minute air-ceUs j on the other 
hand, it passes through the gullet to the stomach, and so through the small and great 
intestinoB to the extremity of the rectum. Tho second great mucous membrane may bo 
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deacribed as oommeiiomg in the pebris of tho kidney ; it descends through the nretcxv tp 
the bladder, and firom the urethra, in both sexes, is transmitted into the organs of genera^ 
tion< The first of these gr«at mucous membranes is termed the gastro-pulmonio m.em- 
farane; the second, the genito-urinary mucous membrane. Owing to the extreme nunute* 
ness of the air-cells, which the pulmonic mucous membrane lines, the area of that inem- 
brane far exceeds the wiiole extent of the surface of tho body. 

The serous membranes line the great shut cavities of the body. The peri- 
toneum, or serous membrane of the abdomen, is the largest membrane of this class. The 
membrane itself is a shut sac, like a double nightcap. The sac within contains nothing 
but seerotion, the secreting surface being everywhere in contact with itself, that is, 
with another portion of the same inner surface of the sac ; the inner or secreting sur&ce 
being ever3rwliere free, that is, unattached, while the outer surface is called the 
sur&ce of attachment, because it is at every point united by coalescence with adjacent 
organs or parts. 

Besides the peritoneum, or serous membrane of the abdomen, the serous membranes 
of the human body are, — ^the pleura, forming two separate shut sacs within the chest ; the 
pericardium, or serous membrane of the heart, often termed fibro-serous, as having a 
fibrous layer in connexion with it ; the serous membrane of the brain, the arachnoid mem- 
brane ; the serous membrane of the testicle, the tunica vaginalis ; to which may be added, 
the synovical membranes, or membranes of the joints, aud the bursal membranes, in which 
the great tendons play. 

THE BLOOD IN BED-BLOODED ANIMALS. 

By a happy phrase the blood has been described as " ciriculating flesh," or chair 
couhnt. It ranks with the fluids ; but the term fluid in Physiology diETers widely j&om 
its signification in Physics. The blood is water, containing a considerable portion of 
soHd (HTganio matter. Human blood is about five per cent, denser than water ; that is, 
human blood is water charged with about five per cent, of organic solid matter. The 
heaviest part of the solid matter of the blood consists of what are termed red particles, cr 
the rod corpuscles, and these it is possible to separate by filtration from the romaining 
part of the blood. To succeed in this experiment, however, the blood of an animal must 
be chosen, in which the blood-corpusdes aro considerably larger than in the human 
blood. In the fr^g the blood-corpuscles are four times the size of those in the blood of 
mammals. If, then, the blood of a fix)g be placed on a filter of common white filtering 
paper, a transparent fluid passes through the filter, and the red particles remain on its 
upper surface. By this experiment the blood is actually divided into the two parts, to 
which, respectively, physiolo^ts attach a particular value. In the language of modem 
authorities, the portion which remains on the upper surface of the filter is the vesicular 
part; that which passes through is the "liquor sanguinis," or blood plasma. The 
portion which passes through the filter, after a few minutes begins to coagulate. 
The coagolum, or clot, gradually contracts with an exudation of watery fluid, by which 
it remains surrounded. The part which coagidates is fibrine ; the liquid part, or what 
is usually called the serum, being subjected to a temperature considerably short of 
that of boiling water (160" Fahrenheit), forms another coagulum, which is found to be 
albumen, or nearly identical with white of egg. The watery fluid which remains over is 
called serosity. This serosity contains aU the soluble salts of the blood, and nothing else 
but a little animal matter. 

Such, then, is a brief outline of the constituents of the blood; and eren in the so- 
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called white-bldoded a n i m als, tlie composition of the blood is very much the same, since 
the absence of colour depends less on the total deprivation of red particles, than on the 
smaU proportion of that constituent being present* 

"We are now prepared better to understand what happens when blood is drawn from a 
vein in the human body. After a few minutes, blood so drawn assumes on the surface 
the appearance of a jelly, from which, after a time, drops of watery fluid here and there 
begin to ooze out ; these drops become more and more numerous, and finally unite, so 
as to cover the jelly-like surface with a layer of watery fluid. After a short time, the 
clot, of which the jelly-like surface is the upper part, is so surrounded with the exuded 
watery fluid, as to be entirely separated, in most cases, from the sides of the vessel. The 
dot, however, does not always preserve the same degree of consistence. It is sometimes 
large, soft;, and flabby ; at other times small and firm, almost leathery. It consists, as 
might be anticipated, from what has been already stated, of the red particles and fibrine, 
or that substance which spontaneously coagulates when the blood of a frog has been sub- 
jected to filtration. The coagulation, then, of the clot depends on the coagulation of the 
fibrine which it contains, and not at all on its remaining chief constituents^ the colouring 
corpuscles. When the clot is ezamined from top to bottom by a perpendicular section, it 
shows, in most cases, the red colouring matter diffused throughout, yet plainly in larger 
proportion at the lowest part, to which, owing to their greater weight, they gravitate 
before the coagulum has acquired sufficient consistence to intercept their progress. The 
colouring matter near the upper surface is usuaUy of a more intense red colour than 
that below, owing, donbUess, to the action of the atmospheric air, by which the dark 
colour of venous blood acquires the Termilion hue of arterial blood. In every case the 
clot retains within it a portion of serum, or of the watery part of the blood. When the 
fibrine coagulates more weakly than usual, a larger proportion of this, watery part is 
retained, giving to the clot an unusually soft and flabby consistence. Hence, witbxnit 
taking into account the degree of consistence of the clot, the relative proportion of the 
clot to the serum cannot be estimated. Of two cases in which the proportions are alike, 
the dot will bo large in that in which the coagulation is weaker, and small in 
that in which the coagulation is stronger *, the apparent quantity of the serum being 
greater in the latter case, owing to the large proportion of it retained in the , dot 
When the dot is large, and at the same time very 4nn, the fibrine is both abundant and 
highly coagulahle. 

The snriTace of the dot is generally quite flat ; in other cases it is remarkably con- 
cave, or cupped, as it is termed. And when it is cupped, it is most commonly covered 
with a more or less thin layer of a yellowish opaque jelly, well, known to physicians by 
the various names of size, bu% coat, and inflammatory crust. This ycUow or buff-coloured 
byer <m the surfiEUje of the dot, as its last-mentioned name indicates, is regarded by 
physicians as marking an inflammatory state of the body in the 'person from whom the 
blood was drawn. This layer is oomposed of the fibrine of the blood, separated from the 
red partides on the suz&oe of the blood just before the dot forms. The unusual 
tendency to separation between the fibrine and the cdouring partides, in cases where the 
buff is to appear, may be discovered whUe the whole blood is still fluid, by placing the 
cup between the eye and the light, when thui films, not unlike oil upon water, of a 
dark colour, will be seen floating on the surface of the blood. These films are plainly 
layers of flbiine already separated, through which, owing to their tenuity, in most cases, 
the dark colour of the venous blood shines. When the buff is to be very thick^ these 
layers of fifarine on the surfSsce of the stiU fluid blood, being opaque, exhibit their natural 
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yellow colour. At the same time that there is this greater tendency to a .separatian 
between the red particles and the particles of fibrine, it has also been obserred that the 
red particles have an nnnaually great disposition to unite together in the form of rolls, 
like piles of coins. 

The following table exhibits, from recent authorities, the mean relative proportions 
of the seyeral chief constituents of human blood in the two sexes : — 

Male. Female. 



Water 


. 779 


. 791 


Ked particles .... 


. 141 


. 127 


Albumen 


. 69-4 


. 70-5 


Pibrine 


. 3-2 


2-2 


Extractive matters and free salts 


6-8 


7.4 


Fatty matters .... 


1-6 


1-62 



What particularly strikes us on glancing at the table, is the small proportion of fibnne 
and the largo proportion of albumen, notwithstanding that fibrinc appears to be the 
nutrient constituent of which the most important solids of the body stand chiefly in 
need. Nay, the proportion of fibrine stated in the table is even an exaggeration, since 
what are termed the colourless blood-corpuscles cannot be sufficientiy detached from the 
fibrine. The large proportion of red corpuscles also creates surprise, since these cor- 
puscles are not directiy concerned, as far as is known, in the nutrition of the solids. By 
far the most abundant solid in mammals, like man, is the muscular flesh. This muscular 
flesh is almost entirely made up of fibrine, identical, or nearly identical, with that which 
exists, however sparingly, in the blood. Further, when the animal body is much 
exercised, the muscular tissue is that which must require the greatest amount of repair ; 
since it plainly appears that every living act is attended with a chemical decomposition 
and conseq[uent waste in the organ concerned. It is impossible, then, to suppose that the 
small proportion of fibrine existing in the blood should be the source of repair to the 
muscular system. The proportion of fibrine in the blood is no more than one-fifth per 
cent. ; so that, if the whole blood of the body be estimated at twenty-five potmds, the 
quantity of fibrine will be the one-twentieth of a pound, or something more than five 
drachms. It will hardly be maintained that the small proportion of fibrine in the blood 
arises from its unceasing exhaustion by the nutrition of the muscular tissue, for, were 
this the case, fibrine would increase enormously in the blood, after a few days' complete 
repose fit>m musciJar action. 

Is it probable, then, that the albumen of the blood supplies the waste of the musculai* 
tissue by passing into fibrine, when it is attracted from the liquor sanguinis into thai 
tissue ? In this supposition there is no difficulty. "We have seen that albumen is very 
nearly identical with fibrine in ultimate composition ; and it is certain that the egg, out 
of which the chick is developed, — that is to say, fibrinous flesh as well as blood, mem- 
brane, and bone, — consists of nothing but albumen, a little oil, and some saline matter. 
Of albumen there is about seven per cent, in the human blood, or in the mass of the cir- 
culating blood there is something less than two pounds of albumen. Even this quantity 
will not suffice to supply the waste of the muscular tissue long, not to speak of the othei 
demands upon it, without being continually renewed by the addition of the products of 
digestion. 

As the proportion of fibrine in the blood is not found to dimim'flh under deficiency of 
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food, it has been conjectured that it is the result rather of the decomposition of the blood 
itself, or of some of the tissues, than that it is designed to sustain any share in nutrition. 
But this view is not yet sufficiently matured to permit of being dwelt upon in this 
place. 

The whole subject of the red corpuscles of the blood still presents great diffi- 
culties. Many observations have beeA made upon these bodies throughout the animal 
kingdom ; but the exact use which they serve in the living frame is still a problem. 
These corpuscles constitute about 14 per cent, of the whole mass of human blood, or 
there is about twice as much by weight of the red coipusclcs in the blood as there is 
of albumen, and seventy times as much as there is of fibrine. 

When a drop of human blood is placed under the microscope, nothing but an opaque 
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11E1> COnPl^SCLESPROM HUMAN 

BLOOD, magnified 400 dia- 
meters— a//er Todd and 
Bowman. 
a, viewed on the surface ; «, 
in profile; 6, aggregation 
of corpuscles in a roll. 







nED CORPUSCLES OP THE OX, 

magnified 400 diameter — 
after Todd atid Bowman, 
a, in their natural state ; ft, 
altered by a menstruum of 
higher density. 



RKl) CORPUSCLES OF THE PIQEOX, 

magnified 400 diameters — 
after Todd and Boioman. 
a, unaltered, with two or three 
colourless particles ; J, treated 
with acetic acid, which more 
clearly developcs the cell- 
wall and nucleus. 




mass is seen, owing to the crowded state of the fluid with red corpuscles ; but when the 
drop is diluted with a weak solution of salt or of sugar, each corpuscle is seen detached 

from the rest. The fluid used to 

dilute the drop of blood must be, as 

nearly as possible, of the same 

specific gravity as the serum of the 

blood ; if plain water is employed, 
RED CORPUSCLE IN FISHES— tho rcd corpusclcs swell and burst. 
«, l^^^XXir- Em=t coipuscle 13 roimd and flat, 

like a piece of money ; or, to speak 
more correctly, each corpuscle has the form of a double 
concave lens, the margin being thick and roimded, and the 
centre considerably thinner : their size in the human body 
varies from the throe thousandth to the four thousandth 
part of an inch in diameter. In mammals generally the 

blood-corpuscles are similar in figure to those in man ; but there is a comsiderable 
variety of sizo in different tribes of these animals. They are small in ruminants, in the 
Napu musk-deer being no more than the twelve-thousandth part of an inch in diameter. 
In the camel tribe, instead of being roimd, they are oval, as they are in birds, reptiles, 
and fishes. In reptiles the blood-corpuscles attain a large size. 

In the frog, the red corpuscles consist of a delicate membrane forming a ceU, within 
which is a granular nucleus. The nucleus is globular, and much smaller than the cell ; 
and the space between the inner surface of the ceU and the outer surface of the nucleus 




RED CORPUSCLES OP CRAB— 

after Wharton Jones, 
three granule cells ; 6, three 
nucleated cells. 
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is filled by fluids holding the colourmg matter in solution. The nucleus cannot be de- 
tected in the red corpuscles of the human body, 
but analogy suggests that its structure must be 
of the same general character as in the ani- 
mals, in which these corpuscles are of larger 
size. 

A question has arisen, whether what have 
been termed the colourless corpuscles of the 
blood be a distinct set of bodies, or merely the 
red corpuscles in a less developed state. The 
colourless corpuscles are spherical bodies, des- 
( J titute of colour; they are cells composed of 

.« , .«^ a very delicate membrane, and the cells are 

BLOOD CORPUSCLES OP THB FROO, magnified 400 1 . J fin. -i-.-^. « 1 

dia-meters— after Todd and £otcman, nucleated. Ine addition of weak acetic acid 

a, in serum fully developed ; ft, treated with renders the cell-membrane, the nucleus, and 
acetic acidj c, colourless corpuscle. ^^ nucleolus more distinct, ty dissolving some 

granides contained within the cells. The colourless corpuscles slightly exceed the size 
of the red corpuscles in mammals, but not in ^ 

the other vertebrata. They are thought to be ,<^ fp)) 

essentially the same as the nucleated particles 
found in lymph, and in the chyle. They are 
fewer in number than the coloured corpuscles, 
being, it is said, in the proportion of one to fifty. 
In inflammatory states of the blood they become 
more abundant; and, after great loss of blood, »''^iii,^5°J^'.|'}','Sir.rSI^SSi"'lS^ 
the proportion of these colourless corpuscles is c, vdthoat colour, and d^mthoolour; «, free 



'IgV 



PHASES OP THE HUMAN BL00D-C0HFUSCLE8 — 

after Wharton Jones. 



greatly increased. Without entering upon the 



cellceform nucleus, a i)erfect red corpuscle. 



difficult question, what is the relation between these colourless corpuscles and the red 
corpuscles, it will be sufficient to say, in the meantime, that the weight of authority is 
in favour of these two kinds of corpuscles being identical in species, that is, merely dif- 
ferent stages of one organism. 

According to this view, then, to quote a passage from Todd and Bowman*s Fhysio- 
hgy : — ^^ In the earliest periods of foetal life, the blood-corpuscles, as is shown by the 
researches of Vogt, XoUiker, and Cramer, originate in the same way as the elements of 
the tissues, from nucleated cells, which are the same, in point of constitution, as the 
colourless corpuscles ; with this exception, that they contain, between the nucleus and 
cell, a considerable number of granules, which are largest at the earliest periods of 
embryonic Ufe. At later periods similar nucleated cells are generated in the liver, as 
first pointed out by "Weber, and from these sources supplied to the blood. In this 
fluid they undergo a transformation into the completely formed blood-corpuscles, by the 
removal of the granules, the increased development of the nucleus, and the generation of 
colouring matter, excepting in the mammiferous corpuscles, whose ultimate change seems 
to consist in the complete absorption of the nucleus, according to Kolliker, or the removal 
of the wall of the cell, according to Wharton Jones. 

" Now, as there can be no doubt that, in the adult, the lymphatic and chyHferous sys- 
tems afford a source for the constant development of particles identical with the colour- 
less corpuscles, and as such corpuscles are always found in considerable proportion in thfi 
blood (being more numerous under circumstances unfavourable to normal changes, as in 
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inflammations), it seems yery reasonable to infer ihat similar transformatians of colour- 
less into coloured particles are going <hi in tlie adult as in the embryo, and that the lym- 
phatic and lacteal systems must be at least one, and that a fertile source, :fyom which red 
corpuscles are being oontinuAlly supplied to the blood." — Pp. 302-3. 

There is no foundation for the idea that each blood-corpuscle gives origin by a 
species of reproduction to new blood-corpuscles. The blood-corpuscles probably decay by 
simple solution, though it does not yet clearly appear what substance in the blood, or in 
the body, results from their decomposition. The various colourmg matters through- 
out the body have their origin, as is probable, from the cobuiing matter of the 
blood. 

It is not unreasonable to supi>ose that the red corpuscles arc floating gland-cells, as 
they are, in all essential points of structure, like the secreting cells of true glands. Their 
secretion is hrematine ; that is to say, not merely the colouring matter, but the entire con- 
tents of the blood-corpuscles^ of which iron is probably an essential part, siace even the 
blood of the invertebrate ammals contains a sensible quantity of iron, and that when no 
colour is distinguishable. 

Liebig's idea as regards the important function performed by the red particles, by 
means of the iron which they contain, must be spoken of when we come to the fimction 
of respiration. 

Salts of the Bloods— -With respect to the saline matters of the blood, the. analysis 
we have given makes the proportion, estimated together with that of extractive matters, 
no more than about eight parts in the thousand, or somewhat less than one per cent. 
But, aooording to other analyses, this part of the blood amounts to more than, one and a 
half per cent. The principal salts of the blood are the albuminate of soda ; other alkaline 
salts, as the carbonate, phosphate, and sulphate of soda, and the chloride of sodium ; 
earthy and metallic salts, as the phosphate of Hme, the phosphate of magnesia, the phos- 
phate of iron, the carbonates of lime and magnesia, and the peroxide of iron. In the 
muscular flesh, which constitutes the chief bulk of the living frame, and that, as before 
stated, which, from its actiyity, requires the most frequent repair, there is a considerably 
less proportion of saline matter than in the blood. Whence it may be inferred that, by 
the products of digestion, a larger amount of saline matter is thrown into the blood than 
is required for the nutrition of the chief solids ; and therefore, that a great part of the 
saline matter given off from the blood by the kidney, is merely the excess of what has 
been received by the blood during digestion, and that it has never entered into the con- 
stitution of the living frame. 

Some of the salts of the blood are essential to the secretions, particularly to the bile 
and to the gastric juice. 

Waste and ftepaix. — ^The continual waste of the constituents of the blood is sup-^ 
plied by the products into which the food received into the stomach is converted. To- 
gether with the products of digestion, the contents of the lymphatic vessels, originating 
in almost every part of the living frame, are poured frt}m the thoracic duct into the cir- 
culating system. Perfect chyle is collected from the small oi^ans existing abundantly in 
the folds of the mesentery, termed mesenteric glands (see page 37), by vessels which 
gradually unite into a single trunk, by the union of which with the lymphatic trunks, from 
the pelvis and lower extremities, the thoracic duct, as already has been shown, is formed. 
The same general plan pervades the whole of the vertebrate division of the animal king- 
dom ; that is, there is a lymphatic system of vessels pervading the body at large, and a 
chyHferous system of vessels originating in the intestines, both of which systems unite 



Digitized by 



Google 



60 PEOPERTIES OF LYMPH. 



in a common trunk, wliicli communicates directly with the eanguiferous system. In 
birds, reptiles, and fishes, however, there are no mesenteric glands. Although it coxmot 
be doubted that important changes take place on such products of digestion as are taken 
up by the lacteals within the mesenteric glands, it is plain, from the fact just stated, that 
these organs are not essential to the formation of perfect chyle ; that is to say, a chyle 
perfectly capable of imparting the required nutritive properties to the blood. One re- 
markable diflference exists between the chyle in mammals, and that in the three remain- 
ing divisions of the vertebrata ; namely, that in the former it is an opaque fluid, and 
throughout the latter quite transparent. 

L3rxnpli. — ^There is contained in the lymphatics, and also in the lacteals, when diges- 
tion is not going on, the transparent and almost colourless fluid termed lymph. In this 
lymph there are a number of colourless nucleated ceUs, which seem, as before hinted at, 
to be identical with the colourless corpuscles of the blood. In the chyle the same cor- 
puscles are found ; but, in addition to these, there is what has been termed the molecular 
base, a finely granular matter, which varies with the amount of fatty matter in the food. 
To the presence of this molecular base the milky colour of the chyle is said to be due. 
To the absence or deficiency of this substance is to be ascribed the transparency of the 
chyle in birds, reptiles, and fishes. If a dog be fed on food from which fat has been care- 
fully excluded, the chyle is not milky, but whey-like or transparent. 

The molecular base is present in the chyle collected at the very origin of the lacteals 
in the intestinal canal. Both lymph and chyle, when taken from the vessels, undergo 
spontaneous coagulation. This coagulation depends on the presence of liqtiid fibrine, as 
in the blood ; while the coagulability bears a close relation to that of the blood in the 
same animal. The serum of the lymph is an albuminous fluid. Saline matters of the 
same kind as exist in the blood are found in the serum of the lymph ; there is also a 
trace of fatty matter and of iron. The coagulation of the chyle depends also on the pre- 
sence of fibrine ; and the serum of the chyle contains more albumen and more fat than 
the serum of the lymph. 

Thus, lymph differs from blood, in having no red corpuscles, and having a less pro- 
portion of albumen and fibrine. Chyle differs from blood in the same respects, and also 
in containing a large proportion of fat, which may amount, it is said, to as much as one 
and a half per cent. Chyle differs from lymph in containing more albumen and much 
more fat. Of the fitness of the chyle, derived from the process of digestion, to sustain 
the nutritive properties of the blood, we have to speak hereafter. One point of difficulty 
arises, to explain what becomes of the large proportion of fatty matter which it contains. 
Fat is not a proteine compoimd ; it cannot pass into fibrine, albumen, or caseine — ^it is a 
non-azptised principle ; but though incapable of contributing to the repair of the more 
important textures, it is quite capable of supporting animal temperature by the process of 
slow combustion, termed cremacausis. It seems probable, then, that the superfluity of 
fatty matter supplied by the chyle to the blood is burnt off in the process of respiration, 
so as essentially to maintain the animal temperature. 

What, then, is the use of the lymph which is poured so abundantly into the blood from 
the thoracic duct ? As the lymph contains so many of the constituents of healthy blood, 
it is impossible to doubt that the addition of the lymph is a source of repair to the blood • 
but the question remains. What is the source of the lymph } By far the most probable 
supposition is, that the lymph of the lymphatic system is nothing more than the residue 
of the liquor sanguinis after the repair of the textures. The lymph is blood, deprived of 
the whole of the colouring corpuscles, and of part of its albiunen and fibrine. The liquor 
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sanguinis, or blood vithout the colouring corpuscles, exudes through the walls of the 
capillaries, and comes into contact with the ultimate morphological constituents of the 
tissues, which attract from it what is necessary for their repair ; while, by the lymphatics, 
which are, in fact, a system of veins subsidiary to the red veins, the residue is conveyed 
to the thoracic duct, to be again mingled with the blood. 

From the view now exhibited of the composition of the solids, of the blood, and of the 

lymph and chyle, we obtain the means of 
judging of the important place held by the 
blood in the animal economy. Thecircnla- 
. tion — wonderful as it seems when considered 
merely in itself— is yet wholly subordinate in 
importance to the physiological constitution 
of the blood. It is a mechanical process, 
subservient, in certain classes of animals, to 
the uses of the blood j but the real wonder 
. .^ in physiology is the blood itself— its power 
of repairing the waste of the solids — and of 
repairing itself, at the expense of the food, 
through the medium of absorption. A brief 
notice, however, of the mechanism of the 
circulation, in the several orders of animals, 
must not be omitted. 

The annexed diagrams of the circu- 
lating apparatus of man, after Carpenter, 
will enable us better to understand the 
details which follow. The heart, situated 
between the lungs, in the cavity of the chest, 
is somewhat conical. The lower end is quite 
imattached, and points towards the left; 
during contraction it is tilted forwards, 
striking the chest between the fifth and 
sixth ribs, and causing the "beat of the 
heart ; " while the great vessels, rising from 
the upper and largo extremity, being at- 
tached to neighbouring parts, seem to sus- 
pend the organ, and to allow its movements 
freely to take place. The heart in man is 
a hollow muscle, divided into four cavities, 
two on either side — ^the upper of which is 
IDEAL 8ECTI0K OP THK HKAiiT. tcTmed tho auriclc, tho lowcr the ven- 

a, right auricle ; ft, right ventricle ; c, left yen- tricle— the walls of the latter having, by their 
S=w'; /'jSt ^iil^kT^^^t^-; contraction, to propel the Wood through a 
t, subdavian veins ; k, trachea ; /, lungs ; m, left gygtem of vessels, being thicker than those 

auriclc; rt, pulmonary veins; o, pulmonary arte- r, ^, ., v- tTir i *^ «««: 

ries ; p, superior and inferior vcn» cav« ; q, tri- of the auricles, which have only to receive 

cuspid valve ; r, mitral valve ; «, partition. the blood from the veins, and transmit it to 

the ventricles. The circulation of the blood, then, is that process by which the fluids 

setting out from the left ventricle of the heart, is distributed by the arteries to every 

part of the body, from whence it passes into the veins, is received from them into the vena 
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caya, whence it retums to the heart, entering the right auricle, and passing mto the yen* 
tride on the same side, which propels it into the pulmonary artery, to be distributed 

through the lungs for purification. Thence it posaea, by 
the pulmonary veins, into the left auricle, which trans- 
mits it again to the left yentridc, to repeat the course 
we have described. 

The circulation in the foetus is conducted in a some- 
what different manner. Commencing with the placenta, 
where the blood imdergocs some change, analogous 
to that in the lungs of extra-uterine life, it is conveyed 
by the umbilical vein to the liver, . and to the inferior 
vena cava ; here it mixes with that brought fix)m the 
lower extremities, and is carried directly through the 
right auricle into the left auricle by the &ramen ovale, 
which, until birth, remains open, forming a' direct com- 
munication between the two auricles; a portion only 
passes ftom the right auricle into the right ventricle, 
which contracting, the blood is sent into the pulmonary 
arteries ; but respiration not going on, the greater por- 
tion of the blood passes directly through the ductus 
arteriosus into the aorta. The small portion of blood 
received by the left auricle ftom the lungs, as well as 
the greater portion passed through the foramen ovale, is 
transmitted into the left ventricle ; by the contraction 
of which it is sent into the aorta, and by means of the 
umbilical arteries, which arise in the lower part of 
the abdomen, it is again returned to the placenta. It 
is a wonderful provision of nature, that, in the foetus, 
where the lungs are not called into play, and are nearly 
solid and impervious, means should be provided to 
turn fipom them the great current of the blood — ^the 
whole of which, after birth, must pass through them, 
and to supply them merely with such a quantity as is 
necessary for their nutrition. 
In the first two great divisions of vertebrate animals, mammals and birds, the circula- 
tion of the blood, with a few unimportant peculiarities, is performed on one plan. Of this 
plan, the most characteristic feature is, that the particular circulation through the lungs 
stands on the same footing as the general circulation over the rest of the body. It follows, 
from this condition, that no blood-corpuscle can circulate over the body more than onco 
without having previously circulated through the lungs. The circulation, as it takes 
place in mammals and birds, is conveniently methodised imder the two heads of the cir- 
culation of the dark-coloured blood, and the circulation of the red-coloured blood. The 
dark-coloured blood is properly described as appearing first in the venous capillaries, at 
every vascular point throughout the body. The organs, then, or cavities in which the 
dark blood is contained and moves, stated in their proper order of succession, are tiie 
venous capillaries over the body, ramifications of the veins, the venous trunks, the right 
cavities of the heart, namely, the right auricle and the right ventricle, the pulmonary 
artery,— the branches of that vessel and the corresponding capillaries. In like manner, 




PLAN OP POETAL CIUCULATION— 

after Wilson. 

I, placenta ; J, umbilical cord, con- 
taining artery and vein ; c, hcpa. 
tic veins ; rf, inferior cava; c, right 
auricle ; /, left ventricle ; jr, ductus 
arteriosus; h, aorta. 
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PLAN OP DOUBLE OR WARSf-BLOODES GIRCU- 

LATiOK — after Eoget, 
A, aorta; B, system of arteries ; C, vena cava. 
D, right auricle; E, right ventricle; F, pul- 
monary artery ; H, lungs ; I, pulmonary 
veins ; K, left auricle ; L, left ventricle. 



the red-coloured blood is properly described as appearing first in the cs^illaries of the 
pulmonary veins ; and the organs or cavities in which the red-coloiired blood is eontaiBed 
and moves, stated in their proper order, are the 
capillaries of the pnlmonary veins, the ramifica- 
tions of the pulmonary veins, the trunks of the 
pulmonary veins, the left cavities of the heart — 
namely, the left auricle and the left ventricle — 
the aorta, or great trunk of the arterial system, 
the branches of the aorta, and the arterial capil- 
laries. These two separate systems communi- 
cate, on the one hand, where the capillaries of the 
veins of the body join with the capillaries of the 
aortic system ; and, on the other hand, where the 
capillaries of the pulmonary veins join with the 
capillaries of the pulmonary artery. The right 
and left sides of tiie heart, though in juxtaposi- 
tion, are wholly distinct organs, and each heart 
is placed in the middle of its own system ; the 
right being situated in the middle between the 
veins of the body and the pulmonary artery, and 
the left heart, between the system of the pul- 
monary veins and the system of the aorta. 

The forces by which the blood is mjoved in 
the circulation are chiefly, if not exclusively, 
tnechanical-— the only force of much. efficiency being the contracti(Mi of the cavities of the 

heart by a muscular effort, as the blood suc- 

► - / / ' 1 cessively enters each ; while valves axe so 

"N^ Jy / J { i I placed as to permit its movement onwards, 

\ \ / y^ ^^ [ except in the proper direction only, 

\ ^* A \ . The plan of the circulation in the reptilia 

is somewhat different; and, though consider- 
able varieties occur in the several orders of 
this class, one expression may be obtained to 
^< represent it throughout. Contrary to what 
^ is provided for in- mammals and birds, a blood- 
corpuscle may circulate more than once over 
the body without passing through the lungs. 
The pulmonary artery and the aorta arise 
from one ventricle, that is, fi:om the only 
ventricle, so that part of the blood derived 
from the ventricle passes through the lungs, 
and part is sent for general circulation over 
..„«,„„_ #, nr'7 the body. This ventricle receives its blood 

THE ANATOMY OPTHBHBABT IK SITU— fl/ierfTtfaon. i / • 1 l!_ 

Showing its cavities, and tendinous and fleshy partly from a systemic, partly from a pul- 
""^^^ '^^ <^onTise of the vnre blood, through monic auricle— that is to say, part of the 
the left side of the heart 18 marked hy arrows. ,_ _. __ . , ,,*^ •,,., 

blood IS dark coloured, and has reached the 

systemic auricle by the common veins of the body; the other part of the blood is 
red coloured, and has reached the pulmonic auricle from the pulmonary veins. Thus 
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the only organs which contiiiu red-colouied blood in the reptilia, are the pulmonary 
veins and the pulmonic auricle, while there are two other kinds of blood in the body, 
— namely, the proper dark-coloured blood contained in the 
veins of the body and the systemic auricle ; and the mixture 
of dark and red-coloured blood first made in the single ven- 
tricle, and proceeding from it both to the pulmonary artery 
and to the aorta. 

In fishes, the circulation of the blood presents a singular 
peculiarity. There is but a single 
heart present — that is, a heart 
consisting of only two cavities, 
namely, an auricle and a ventricle, 
and these cavities correspond, not 
to the left or systemic heart of 
mammals and birds, but to their 
right or pulmonic heart. It is to 
be remembered that, in fishes, 
the gills take the place of lungs. 
Provision is made, in fishes as 
in mammals, that no blood-cor- 
puscles shall circulate more than 
cmcuLATiowiNTiiitBATKAcniA oucc ovcr the body without pre- 
E.ventricTf!^.Se. The ^?^y Passing through the re- 

aorta and pulmonary artery spiratory organs. Also, in fishes 

SloUrr^^Sg'bSi^Srt; there are but two kinds of Wood, 

the head and neck, and unit- the dark-coloured and the red- 

ACd^"dtoja5'A.!Th^e coloured blood. The cavities con- 





blood ifl returned by the ven- taining the dark-coloured blood 
ous trunks to the auricle, D. ,, .„ . « ,, 

are the venous capillaries of the 



CIRCULATION IN FISHES. 

D, auricle ; C, ventricle ; F, bran- 
chial artery conveying the bloo<l 
to the gills, G H, "where, 
being aerated, it is carried by 
the branchial veins I, which 
unite untoa single trunk. A, per- 
forming the office of an aorta. 
The blood is returned to the 
heart by the vena cava, C. 



body, the venous trunks, the two cavities of the single 
heart, the branchial artery, its ramifications and capillaries. 
The cavities containing the red-coloured blood are branchial 
venous capillaries, the branches formed from them, and the 
trunk formed in the next succession from them, which is the 
aorta, or proper artery of the whole body ; lastly, its branches and their capillaries. 
Thus the peculiarity in fishes is, that the dark blood is sent by the single heart to the 
gills for purification ; and, being re-collected from the giUs by capillaries and branches 
corresponding to the capillaries and branches of pulmonary veins in mammals and 
birds, passes at once into a trunk which, without returning to the heart, is distributed 
over the body like the aorta in the two warm-blooded vertebrated classes. This trunk, 
formed from the branchial venous branches, may be regarded as representing, at 
once, the pulmonary vein and the aorta. 

With respect to the circulation of the blood in the inferior classes of the animal king- 
dom, it wiU be sufficient to select a few examples, as we shall next proceed to do, 
without attempting to exhaust the whole subject within the narrow limits to which this 
treatise must be confined. 
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CUCVL4TZ0K IK THK CmTLB-FXSH-- 



" Among the nu^iucs, the circulation of the blood in the cuttle-fish has a remarkably 
perfect character. In this animal there are three separate hearts at some distance from 
each other. Each of these, howeyer, has only one cavity. In short, each of the three 
is a single yentride. The cuttle-fish breathes by gills. There are only two kinds of 
bloody l^e dack-cobured blood and the red-colouied blood. The organs which contain 
the dark-cobured blood are the yeins of the 
body, and the two trunks which, they form ; 
the two separate hearts, subseryient to the 
circulation respectiyely of the two gills ; the 
two branchial arteries and their ramifica^ 
tions. The organs which contain the red- ^ \ 
coloured blood are the ramifications and the 
trunks of the two systems of branchial yeins, 
and the systemic heart, or yentride, in which 
these two systems terminate ; also the aooctic 
system arising from the systemic heart. The 
middle, or systemic heart, transmits the red- 
coloured blood by the aorta and its rami- 
fijcations all oyer the body ; the blood, haying 

become dark-coloured, is carried from the ter- ^ , !f^^^*f^\ _, .^ 

. ^ ,. «~»«»-^ ,,"".««, lateral or branchial hearts, ponreying the 

nunations of the aooctic system by the yems blood to the gUls gg^ whence it is retomed to 
of tiiebody in two portions to each of the ^"je^^tral or systemic heart, for general dis- 
two lateral or pulmonic hearts ; from each 

lateral heart the blood Ib propelled to the gills of one aide, whence, haying become red- 
coloured, it is carried again to the middle systemic y^itride. 

Among the Crustaceans, the circulation of the lobster has been particularly stu- 
died. In it 
the heart has a 
feiniijle cavity or 
vttntride; and 
from this heart 
several large 
arteries are de- 
rived, by which 
the blood is 
conveyed to all 
parts of the 
body j but frtim 
one of these 
arterial trunks 
branches are 

given o£^ which proceed to the giUs. The blood is brought back from the several 
par^ of the body by proper veins, and from the giUs by branchial veins, and the 
blood from these two sources mingles in a common cavity, or sinus, before it re-enters 
the single yentride, to be again sent forth. Thus in the lobster there are three 
kinds of blood,— tbs xed-odouied blood, daik-coloored blood, and the blood comr 
posed of the dark and red blood mixed together. Tbe red-oolouxed Uood is contained 
qnly in the syirtm of the branchial yeins *, the dark-odoured blood is contained only in 




CIBCULATION 07 THK LOBSTXB. 



a, heart ; h and e, arteries of eyes and anlennas ; d^ hepatic artery : « and/, 
arteries of thorax and abdomen; gg^ great Tenons dnns; AA, ue gUls; 
if branchial veins. 
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the yeins of the body ; 
two kinds mingle before 




CIECULATIOX IN SPIDERS— 

after Carpenter. 
o, the abdomeu ; «2, large 
dorsal Vessel, or heart; 
c, trunk passing to head; 
6, vessels communicat- 
ing with respiratory or- 
gan. 

part the blood issues to 
of liis vessel, or heart, 
the contained fluid is 



the mixed blood in the venous sinus, or sinuses, where the 
entering the heart. This mixed blood is contained in the heart 
and in the arterial or aortic system, and also in the branchial 
arteries sent off from the aortic system. 

In the spiders with pulmonary cavities— that is, with pul- 
monary organs Umited to one part of the body— there is an 
elongated dorsal vessel, which gives off arteries and receives 
the terminations of veins; the action of which seems to be to 
drive the blood at once to the several parts of the body, and also 
to the pulmonary organ. The purified blood from the pulmonary 
organ must mingle with the blood returning from the several 
parts of the body in open spaces, or singes, whence, by the 
branchio-cardiac vessels or veins, it reaches the dorsal heart. 

In insects, the circulation of the blood proceeds on a plan 
altogether peculiar. There is a large dorsal blood-vessel, or heart, 
provided with apertures and valves, and capable of contraction, 
but without ramifications, — in short, in insects there is a heart, 
but no blood- vess^ ; and since the air, by the air-tubes ex- 
tending from the surface, has access to all parts of the body, 
there is only one kind of blood, namely, the arterial^ The 
dorsal heart extends nearly the whole length of the insect* s 
body ; it is open at the anterior extremity, and by this open 
diffuse itself over every part of the body. The contractions 
begin At the posterior part, are propagated forwards, so that 
pushed from the tail towards the head. Within the vessd 




CIRCULATIOK IX IN8HCT8. 

a, the great dorsal vessel. 

are valves, by which it is divided into oompartmonts, «o |ilaced that the fluid can 
pass inwards, but not from before backwards. The sevoml compartments comma- 
]ii(iate on ea^ side by lateral slits with the cavity of the belly, and these slits are 
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pEOTided with Yelyea, ao tibAt fluids can enter fiom tbe beHyytnit cannot again iasin 
from the Tessel othesrwise than hy the opening in front. The nutritive fluid prepared 
in the intestine percolates through its walls, and mingles with the blood difliiaed OTor 
the body from the anterior openings of the heart; and this mixture of blood andtibe 
product of digestion passes into the heart by the lateral openings. 

In some of the Badiata a circulation of the blood is admitted ; but in this part of 
Physiology there are too many points of controyersy to accommodate i{ to our limits. 

On the &enoTation ci the Blood by Chyle anA the other Pvodxtcts 
of Digestion. — As the blood is unceasingly drawn upon for the repair of the constant 
waste of the solids and fluids of the body, there is a clear necessity for its continual 
renovation. Of this renovation the most obvious source is the supply afforded of 
lymph and the products of digestion, chiefly by the thoracic duct, which, as we have 
seen, communicates with the venous system at the upper part of the chest, on the left 
side. 

The most probable opinion as to the origin of the lymph is^ as we have seen, that 
it is the residue of the liquor sanguinis, returned after nutrition '^from all parts of the 
body to be again mingled with the torrent of the circulation. But whatever its real 
origin, it must be, in any event, derived wholly from the blood, so that it cannot be set 
down as an independent source of renovation to that fluid. The chyle, however, does 
unquestionably contain matter which is independent of the blood, as never having 
formed any part of that fluid. The chyle is indeed the only distinct organic fluid 
bearing that character. It cannot, however, be affiianed that the chyle consiBts 
wholly of materials derived from without, and that no part of its constitation has been 
drawn fi'om the blood. It may be regarded, on just grounds, as a general rule of 
oi^anic nature, that the nourishing matter obtained from withoiot does not become 
flt to be incorporated with the living solids, until it .has united itself with materials 
prepared within the organism, and derived from the proper substance of the living 



We have already traced the chyle to the food which is received into the stomaeh. 
In the healthy body that food undergoes a complete transmutation ; and until lately 
it has been imiversally believed that the chyle and the feculent mottor discharged 
from the lower bowel are the sole products of that transmutation. Bonbts have 
arisen,' on grounds to be stated presentiy, whether the chyle and the faeces are the sole 
products of the transmutation of the food in digestion. It is certain, however, that 
these are at least principal products of that process. However this may be, it is to be 
remarked that the food is not exclusively the material which imdergoes tnuunnutation. 
The chyle and the fsBces are the result, whether exclusively or together witii oth^ 
products of the transmutation, of a mass, consisting of the food, mingled with several 
rpuiarkable organic agents derived from the blood, such as the saliva; the gastrio juice, 
or the proper secretion of the stomach ; the bile, the proper secretion of the Uvcr ; and 
the pancreatic liquor, the proper secretion of the sweetbread. 

If the food be exclusively divided between the chyla and the fifices, whatever of 
the mass of food which does not And its way into the feculent diadiaige, must etttor 
into the constitution of the chyle. Thus, from the character of the feculent^ niass, 
some notion may be gained of the relation subsisting between the fiiod and the'chyle. 

By weight the feculent mass discharged in twenty-£)ur houars equals neaxlx one- 
sixth part of the average daily quantity of food The solid part of ti^e discharge 
amounts to about twenty-seven per cent, of the whole, the rest being water, namely, 
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aeventy-Hiree per cent. The twenty-seTen per cent, of solid matter may be distributed 
as foUowB :-— Insoloble matters derived from the food, seven per eent. , insdluble matters, 
dflciyed from the bowels, liver, &o., fourteen per cent. ; soluble matters, conflisting of 
bile, albumen, extractive, and salts, six per cent. 

Thus, in the feces, the nutritive proximate elements of organie matter, as already 
referred to, have almost entirely disappeared ; there being nothing of that description 
in that account, except less than one per cent, of albumen, while the average amount 
of nutritive matter in the substance of a meal can hardly be estimated at less than 
fifteen per cent. Two important ffiots here deserve particular remark,— the small pro- 
portion borne by the faeces in weight to the average amonnt of food, and the nunute 
proportion of nutritive matter which that fraction contains. 

Thus, if the chyle and the frsces be the sole products of the transmutation of the 
alimentary mass in the digestive organs, the chyle must take up nearly all l^e nutritive 
matter contained in the food, as well as much of what is not accounted nutritive, 
together with no small proportion of the matters secreted by the several organs 
concerned in digestion. 

Thus, on the supposition made, if the daily amount of food be estimated at twenty-five 
ounces, the quantity of chyle which passes daily into the blood must bear a very large 
proportion to that quantity, and to the nutritive substances, or their products, which 
that quantity contains. 

In estimating the comparative quantities of frsces and chyle, it must not be for- 
gotten that the diyle is more watery, contaioing abdat ninety per cent of water ; so that 
twenty-one ounces of chyle contain no more soUd matter than nineteen ounces of &eces. 
As six or eig^t ounces of chyle may pass through the thoracic duet in one hour, it is not 
impossible to believe that from twenty to thirty ounces may pass through that vessel into 
the blood, in repeated portions, throughout the twenty<-f(>ur hours. The great quan- 
tity of the chyle required to support tiie common view, hardly teUs to its prejudice. 
But numerous experiments seem to show that true chyle — ^that is, the fluid found in the 
lacteal vessels and the thoracic duct, at a certain period after food has been taken, 
and at no other time— does not coirtain the chief nutritive parts of the food, or their 
products; so that it is forced on the physiologist to consider whether these chief 
nutritive constituents of the food can make their way into the blood by any other 
channel. 

The transparent fluid found in the lacteals during fasting has very much the same 
characters as the lymph of the lymphatics. The transparent contents of the lacteal 
vessels, and the contents of the lymphatics, alike coagulate, on standing, into a slightly 
coherent jelly. This property depends on the presence of flbrine in a fluid fonn, as in 
the blood. When white chyle is drawn from the lacteal vessels, or from the thoracic 
duct, along with the constant transparent contents of these vessels a coagulation takes 
place ; but tiiis coagulation is plainly due to the coagulation of the transparent fluid, 
by which certain particles proper to the chyle are entangled. The white chyle itself 
contains no flbrine; it consists, as it would seem, exdusively of flitty matter in a 
state of extreme subdivisioQ. 
To reoapitnlato Hieie fSKts :— 

1. There is at ail times in the lacteal vessels a fluid exactly similar to what exists in 
tiw lymphatics tiooo^ut the body. 

2. This fluid, oonuiuni to both kinds of vassels, coagulates, owing to the presence of 
flbrine* 
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3. There is do more fibrine in tiie fluid collected from the lacteal TenelB, whea 
Jiey have aequired a white colour after a meal, than when fhey are cdomdees. 

4. After the longest fasting, there is still found in the lacteal vessels a coagulaUe 
transparent fluid, containing tiie same amoimt of flbrine as the lymph. 

6. If an animal be fed on food from which all fat has been oarefidly separated, 
the fluid in the lactals does not acquire the white colour seen under other dicnmstanoes 
after a meaL * 

6. When an animal is fed on food free from fat, tiaiere is a marked difEBrence in thi 
state of the lacteals, their contente being either whoUy or nearly free fh>m the white 
colour. 

It hence appears necessary to assimie, contrary to the long received opinion, that 
tiiere are other products of the transmutation of tiie food, ming^ wi&k the secretions 
before enumerated, than chyle and the feculent mass, and the next step is to seek 
positive evidence in favour of such an assumption. 

It is undeniable that flbrine, albimien, caseine, and the like, are contained in the 
food. What, then, has become of these constitaente of the food, if they be found neither 
in the ^yle nor in tiie feculent mass, either in their original form or in a transmuted ; 
state? 

On this point we shall quote a passage from a work of high authority in Physio- 
logy, in preference to ezpressiag this great deviation from the received view in our own 
wotds. The passage, however, may require one or two words of previous ex^Umation. 
It has already been explained that the whole aJifiBentavy canal, from the mouth to 
the extremity of the rectum, is lined by mucous mem- 
brane. On that part of the mucous membrane which 
£«ms the lining of the small intestines, and quite pecu- 
liar to that portion of the mucous membrane, there are 
minute processes termed vUU, These proeesaes are very 
mzmerous, giving to £ir the greater part of the imier 
surface of the small intestines an appearance like that prp- 
dueed by the jale of velvet. Their kngtiii in man is from 
one-flizlieth to one-fl»ty-fifrih of an inch. £aoh villus is 
covered by epithelium. The cavity of each villus, besides 
blood-vessels, contains one or two small lacteals. The villi 
become turgid during ordinary digestioii ; the epi&clium, 
which doses eaeh cavity, is either whotty detadhed, or 
bec(»ies turgid with the matters passing xmrajrds to the 
cavity of the villus. After this explanation of the nature 
of a villus, we cite the passage to whieh we hanne re* 
£nTed :— 

** It was evident in these ezpotimente that the marised 
contrast between the state of the oontonts of the laoteals, 
aad the cffliditifln of Ihe villi, was eoanectad with the pre-, 
senoe or absence of £rt in the food, and that so long as the 
food was purely albuminous or flbiiiiona> or mainly amyla- 
ceous, the chyle was transparent^ and the villi apparently 
inasthre; butthsttheadditionof Icutto thefoodoaUed the 
villi into activity, and filled the laeteals wiih sen ahundaut milky chyle. 

«<Aie wo to infer, iiMn, liiat the laeteals absorb fotty matteca only, and tiiatliie 
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riUi are altogetiiier inaetire, saye when fatitj or oily mattes are to be absorbed ? We 
apprebend that siDcb an inference is not justifiable. It may, howeyer, be ooncliided 
that the yilli and the lacteala are capable of absorbing all substances which the blood- 
ycssels absorb, and by a simple process ; but that the ab8orptk>n of fatty matters 
doYobres upon them only, and is a more complex process, inyolying considerable changes 
in their tissue. 

"And upon similar grounds we may conclude, that while albuminous* and fLbrinous 
lilments contribute to the formation of chyle, they do not necessarily undergo the 
change into chyle in order to be absorbed. But fettty matters appear to admit of 
absorption in no other way, except by a reduction to the state of molecular base oiiiiB 
white chyle. 

" These obseryations and experiments denote sufficiently clearly that two channels 
exist for the transmission of the nutritious matters from the intestines to the blood; one 
through the lacteals to the yiUi ; the other directly through *the walls of the blood- 
yesseis themselyes. Matters taking the latter route must pass through the liyer, and 
would be subjected to the influence of that gland before they reach the inferior yena 
caya and the right auricle, whUe those passing through the former channel must 
permeate a totally distinct system of yesseis, namely, the lacteal system, to be conyeyed 
to the superior yena caya, and to the right auricle, where, haying mingled wi& the 
blood coming from the liyer, both are transmitted by the right yentride to the limgs. 
And it would seem that the object of the two modes of absorption at the intestine, 
and of the two paths of transnussion from the intestine to the centre of the ciroula- 
tion, is to keep separate, up to a certain point, two kinds of material resulting from the 
digestion of the food. And probably the reason why one kind of product is leseryed 
to pass through the intricate ciq^iUary plexures of the yascular system of the liyer, to 
the exclusion of the other, is because it contains material out of which the liyer may 
alaborate bUe, whilst the other material is transmitted through a less complicated series 
of channels more diredfyto the lungs." — Fhymlogieal Anatomy, by Todd and Bowman, 
p. 245. 

It seems impossible, then, to eyade the conclusion that the renoyation of the blood 
is not due solely to the supply conyeyed to it by the chyle ; and that a most important 
part of that which digestion prepares for the repair of t^e circulating nutritiye fluid is 
deriyed directly by absorption from the internal surfece of the stomach and intestines. 
Under this yiew all the products of the transmutation of the mass of food and the 
mingied secretions, except the chyle and feculent matter, pass Ibhrough the circulating 
system of .the Hyer; since the yeins of the stomach, as well as the yeins of the intestines, 
contribute their blood to the contents of the portal yein, which, in its course through 
the liyer, secretes the bile. 

When the small amount of the feculent discharge—not exceeding six ounces in 
twenty-four hours— is compared with the quantity of food receiyed into the stomach in 
the same period, augmented as it is by admixture with the saliya, the gastric juice, tiie 
.biliary discharge, and t^ pancreatic liquor, it is seen that no inconsiderable proportion 
of new material is transmitfced daily from the alimentary canal into the current of the 
circulation for the renewal of the blood, and to fit it f(n^the seyeral offices which it has 
to peilonn. The aggregate of these seyeral secretions mingled with the food, must fiir 
exceed the ayerage weight of the Ibculent discharge. The quantity of bile alone, secreted 
in twenty-four hours, must exceed the amount of the feculent discharge. The quantity 
of bile aflbided to the duodenum in twenty-four hours has ■*wiH=»"**^ been canied far 
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beyond this eetimate; for example, to the extent of from seyeateea to twenty-four 
onnoee ; but more exact obserrations show that from six to eight ounces come nearer 
the truth. 

Thus, at the most moderate calculation, the blood receiYes daily a quantity of material 
for repair equal to the whole weight of the food taken into the stomach. As, howeyer, 
the secretions with which the food is mingled in digestion, are a direct tax on the blood, 
it may seem more correct to estimate the daily addition to the blood simply at the 
weight of food taken into the stomach, diminished by the weight of the feculent 
matter ; so that the average daily addition to the blood by digestion may be taken at 
ftam twenty to thirty ounces. 

The food, as we have seen, consists of the same chemical elements as the solids of 
the body and the blood itself; so that the supply of renovation which the system 
daily receives permits a corresponding loss — let us say of about twenty-five ounces of 
its substance* This knowledge marks a great era in the progress of Physiology. It 
18 the triumph of the Physiology of our day to have shown the exact accordance between 
waste and supply in the animal economy; to have shown, on the one hand, the 
harmony between the chemical composition of the various solids of the body and the 
chemical composition of the blood ; and, on the other hand, the harmony between the 
chemical composition of the food and the chemical composition of the blood. 

A few words are necessary, in addition to what was said in an earlier section of this 
treatise, on the changes whic^ the food undergoes before it becomes fit to be received 
into the blood. 

The alimentary canal consists of a succession of hollow organs, in which peculiar 
changes occur. The first change which takes pl^e is the admixture of food with 
saliva under the act of mastication. The saliva contains less than two per cent, of solid 
matter, the rest being water. This solid matter consists of organic substances and 
salts. Part of the organic matter is composed of epithelium which has separated from 
the mucous membrane of the mouth ; the rest is a peculiar matter, to which, the name 
of plyaUn has been given. It is probably nothing more than a species of animal extrac- 
tive, common to many fluids in living bodies. Among the salts found in the saliva, one 
deserves particular notice — ^namely, the sulpho-cyanide of potassium, which gives a red 
tinge with persalts of iron. 

In the stomach the gastric juioe effects important changes. This fluid has the 
property of dissolving flesh and other articles of food out of the body when a proper tem- 
perature is preserved; and an infusion of the mucous membrane of the stomach, with 
the addition of some acid, such, as the muriatic acid, has the same effect— a property, 
although in a slighter degree, also possessed by the mucous membrane of the duodie- 
num, but not by mucous membrane taken from other organs of the body. It has 
hence been supposed that a peculiar organic principle, to which the xuune pepsin has 
been beatowed, exists in the gastric juice, and is the proper agent in those efSscts ; but 
which, however, has not yet been separated in a distinct form.. No mere acidulous 
solution acts in this manner on aliment. The solution of the chief animal nutritive 
principles by the gastric juice is so complete, as to create no difficulty in the hypothesis 
that the dissolved matters may pass at once into the veins of the stomach. 

In the duodeniun, which is a species of second stomach, the mass which haa 
descended from the stomach, termed chyme, is subjected to the iofluence of the bile 
fi»m tile liver, and of the pancreatic juice from the sweetbread. 

TIm Bil0«~-The analysis of the bile has caused much trouble to chemists. It 
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io an animal soap. The peculiar subatance which it oontama is named Ulin. Beaidea 
this, there are salts, mucus, and ninety per cent, of water. Acoording to oither Tiewv, 
bile is essentially a solution of a salt of soda, formed by combination of the base wiA 
two peculiar acids— namely, the cholic add and the oholeic add; the latter add con- 
taining sulphur. 

The following extract from the work already quoted, exhibitB an excellent mun- 
mary of the latest concludons as to the uses of the bile : — 

**• 1. That it secretes a highly complex fluid, which is poured into the intestinal 
canal, and there undergoes deoompodtion. Its colouring-matter (cholephyirhin, or 
biliverdin) is carried o£f la the excrements, and may posdbly assist in stimulating tiie 
action of the intestine. Its fat is in great part, at least, absorbed by the viUi So 
much of its fat as is not thus acted upon contributes to form the fteces. Its salts, 
also, are probably carried off in the fseces. Other of its elements contribute to the 
digestiye process, by promotiag the solution in the bowels of some lands of food which 
have escaped the solvent action of the gastric fluid. What these dements are, and 
what kinds of food they serve to dissolve, we have yet accurately to determine ; it seems 
certain, however, that it exercises no solvent power over fatty or oily matters, and 
probable, that it acts upon azotused matters. 

*' 2. The liver forms sugar and fat by chemical processes in its circulation, inde- 
pendently of any direct or immediate supplies of these substances in the aliments. 

^' 3. The liver is a great emunctory ; it eUmioates carbonaceous matters, Bome 
directly, as the colouring-matter of the bile, which is at once thrown out in the fieoes; 
others indirectly, as fat and sugar, which, passing to other parts of the oireulatiofi, are 
more or less acted on by oxygen and eliminated as carbonic acid and water. 

" 4. The liver contributes largely to the maintenance of general nutrition ; first, 
by aiding in the solution of certain aliments in the intestinal canal ; and secondly, 
by fiimishiag food to the calorifacient process." — {Op. eit., p. 268.) 

Panexeatlc Xdquor. — ^The pancreatic liquor is a colourless limpid fluid, visdd and 
gluey. It has an alkaline reaction, and is never add or neutral. It coagulates by heat 
like white of egg, becoming completely solid. The coagulable pruidple of the pancreatie 
liquor resembles albumen, but is not identical with it. The pancreatic liquor, or a piece 
of the pancreas itself^ transforms starch into sugar ; and its peculiar property is that of 
digesting, by a peculiar modification, all the neutral £sitty matters met with in the 
food. When olive oil is mixed with fresh pancreatic juice, and the mixture thorou^y 
agitated, a perfect emuldcm is formed, and a liquid similar to milk or chyle results. 
jN^o other animal fluid possesses this property. The pancreatic liquor, then, seems 
dedgned for the special digestion of oils and fat. 

Such, then, are the agencies by which the food is prepared to mingle wil^ the blood 
for its renovation. 

On the PuzUlcation of the Blood.— We have seen that the new prodncts 
supplied to the blood in the process of digestion, take two channels into thfe venous 
system— part passing along with -the venous blood gathered from all the organs con- 
cerned in digestion, to be sent through Ihe liTer fixrtilie secretion of bile; part passing 
by the lacteal vessels and the thoradc duct to a vein in the upper part of tiie chesty so 
that it is transmitted directly to the right side of the heart, and thence, still along with 
venous blood, sent through the lungs. 

The blood is purified, after the admixture of the new supplies, by the liver and the 
lungs ; hence the liver and the lungs have sometimes been named tiiie Great Emunct- 
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ones of tile blood. A tilikd great emunetoxy has to be added, namely, tbe kidney. 
By these three organs the blood is purified, and rendered fit for the maintenanoe of the 
89veral organs and parte in a state of healtibi. 

Tile Idrmtm — ^Zt is unqtiestionable that tiie liTer secretes a finid— namely, the bile— 
whieh is of essential serviee in the process of digestion ; bnt there are, nevertheless, 
the best grounds for the belief that by the act of preparing this secretion, the liver 
separates something which, if retained, irould prove injurious. 

Tile liver, or at least a biliary apparatus, a]^)ear8 in a rudimentary form in insects 
and fipiden ; it puts on a higher development in the crustaceans, aa in the lobster ; and 
in moUuscs, as in tiie outtle-fiah, the snail, the oyster, and the like, assumes a character 
very much resembling what it possesses in the higher animals. In the verteb];ated 
animals it preserves an aspect similar to that which it has in man. 

In man the Ureit is'a large organ, being the largest g^and in the body, and has a 
very complex struetuie — ^in particular, a peculiar airangement of the blood-vessels. 
There is, as in the other organs, an artery termed liie hepatic artery, and veins termed 
hepatic veins. It is a rule throughout the body, that veins are larger than the cor- 
responding arteries. But the hepatic veins exceed the capacity of the hepatic artery 
far beyond Ae measure assigned by this rule. Why this should be, wiU readily appear. 
The Hver has a blood-vessel, to which Uiere is nothing correspondent in the other 
organs of the body—- a, vessd which, though it conveys venous blood, is distributed like 
an artery throughout the substance of tiie liver. In the first place, then, it is man^eet 
that the large size of the hquitic veins arises fix>m the circumstance that these veins 
c(mvey to the great venous trunk of the abdomen, not only the blood transmitted to the 
liver by the hepatic artery, but also tiiat traninnitted into it by this peculiar vessel, 
which carries venous blood by its ramifications throughout the liver. In shorf^ it is 
found that tlie hepatic veins correspond not merely to the hepatic artery, but to the three 
great arteries which come off azygonsly— that is, without fellows, or not in pairs, but 
sii^ly— #om the knterior part of the abdominal aorta. These three arteries supply the 
stomaeh, the bowels, the spleen, the pancreas, and the liver itself, with their proper 
branches. The veins corresponding to the ramifleatlons of these arteries, instead of 
proceeding at once to ^be great aMomioal venous trunk, unite together successively to 
form what is termed the portal vein, or that great vein which enters the liver and is 
distributed like an artery. From the minute ramifications of this vein, the bile is 
secreted, while the residiial blood is taken up by the minute radicles of the hepatic 
vnns. 

It wmaSoia to be eac^ainiBd that the blood of the hepatic artery nourishes the liver^ 
and having therefore become venous, is poured by its minute ramifications into the 
minute divisions of tbe portal vein, txan. which the bile is secreted. 

Thus, the bile is not secreted from the arterial blood of the hepatic artery, mingled 
witSi the venous Uood of the portal vein ; but the portAl vein, being previously supplied 
with the venous blood produced in the nutrition and secretions of all the organs con- 
cerned in digestion, is fina&y xeinfixroed by the venous blood produced in the nutrition 
of the Ufw its^ and Hie gall blatider. Thaa, as was already stated, the hepatic veins, 
tiie radides of whieh eonaumioate dineotly with the minute divisions of the portal vein, 
retmn to the great venous trosdc of tiie abdomen aE the blood sent out by the three 
arteries named the c»liac, the superior mesenteric, and the inferior mesenteric. 

Inithisarrsngement pfevs3s tiurang^iout the order of mammals ; whUe in the rest of 
theveitelnratedeisdenftveiaeonespondingtoliie portal vein is ftrmed by the unkm of 
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Teiiis deriyed fiom the peLyk as well as the abdomen, and aiq^liae the kidneys as well 
as the liyer. 

The Lungs and Respization.— As the lirer at once psrodnoes a fluid sahservient 
to digestion, and effects a certain purification of the hlood, so the lung ptdocpiis • XQOst 
imp(»i»nt oioice of purification of the hlood, while hj that same act it further generates 
the heat necessary for the maintenance of animal temperature. 

It is clearly established by chemical cvridenoe, that wheneyw carbonic acidis fimned 
by the imion of carbon and oxygen, heat ia generated. With the air thrown forth in 
expiration a large proportion of carbonic acid gas is mingled, while the air taken in by 
inspiration contains no more than a minute proportion of that gas. The organs of 
respiration, iudeed, in aU animals, are continually engaged in throwing off from the 
system carbonic acid gas. During this process of respiration, on the other hand, a quan- 
tity of oxygen gas is continually disi^pearing from the surrounding air. The air which 
passes into the lung in inspiration contains about twenty per cent, of oxygen ; the air 
which comes forth in expiration contains but a very small propcfftion of oxygen gas, 
the place of which is nearly supplied by the carbonic acid gas already spdcen ot It 
has been already shown that a large proportion of carbon exists in the constituents of 
the body, as well as in the food daily taken into the stomach ; hence it is impossible to 
doubt, when joint reference is made to these several facts, that a slow combustion goes 
on somewhere within the lung system, by which carbon and oxygen are united into car- 
bonic acid, while, as on every such occasion, heat is produced. 

Such, then, is the essential charact^ of the function of respiration in the ftTf'"*^^ 
kingdom^-the purification of the blood by a slow com- 
bustion of carbon, while that same combustion main- 
tains the animal t^nperature. 

In mammals the mecbaniffln of respiration proceeds 
on a pretty uniform plan. Even in the cetaceous ani- 
mals, or whale tribe, the variati<ms consequent on their 
mode of life hardly affect the essential type, being of 
a subordinate character. In whales, however, the 
efficiency of the function of respiration fin: the gene- 
ration of heat is particularly exemplified. They live 
in a medium which abstracts heat from the surface in 
a fEir more rapid ratio than air, and most of the tribe 
live in the very coldest seas . nevertheless, their tem- 
perature rather exceeds that of man and mammals in 
general 

The medianism of resprration in mammals it ii not dif- 
ficult to understand. The lung is an extensible elastic air- 
bag,enclosedinthe cavity of thediest (seep. 61). In that 
cavity the lung hangs nearly free — ^that is, the surjEace of 
the lung is, with sli^t exception, simply in contact with 
AiB-Tuns AKH LVX0 DT xAx. the iuncr wall of the diest, without adhering to that 
», toacheaor windpipe, openiiig at -,1^^. The lung alone communicates with the external 
the back of the month by the ^ , ^1. ,. • 1. 1.. i. • 

larynx, a; e, dissected air pas. atmosphere, there being no passage by which an: can 

SttJ^S^Jtote^****' "^^""^ penetrate into the cavity of the chest— that is to say, 

by which it can insiauate itself between the outer sur- 

ftoe of the lung or air-bag, and the inner sui&ce of the wall of the dhest The waUs. 
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of the chest dose in abore turoimd the windpipe^ whioh is of natrow diameter^ ascending 
from the lung to reach the mouth* B7 the windpipe the air &eely enters eyery part 
of the healthy lung. The long, or bag of air, of necessity fills the actual cayity 
of the chest, and applies its outer surface close to the lining membrane of the cayity ; 
because, "were any part of the lung to collapse, or withdraw itself from the wall, a 
yacuum would be produced ; but such a yacuum is imposisible, so long as the lung 
is eyerywhere freely extensible, and the air has free access, through the air-tubes 
connected with the windpipe, to eyery part of the lung. The lung itself is passiye, 
or nearly passiye, in respiration. The chest is capable of alternate expansion and con- 
tnction. This alternation of change on the capacity of the chest is produced by mus- 
cular contraction, assisted in expiration by the elasticity of certain parts. The expansion 
of the chest is whoDy a muscular act, and its contraction, when moderate, is altogether 
dependent on the ^ysical properties of its walls. "When the chest expands, the 
lung or air-bag dos^ fellows, being dilated in exact proportion as the /ihest 
expands. When the chest contracts its cayity, the Ixmg or air-bag being compressed, 
stiU exactly fills the chest, while the superfluous air is thrown out. Wlien the chest 
expands yery slowly, the air may enter as fast as the lung dilates, and then no appre- 
ciable rare&ction can take place on the air throughout the air-cells. But when the 
chest expands rapidly, the air cannot enter by the windpipe fast enough to keep pace 
with the dilatation of the lung. Why, then, does the lung dilate also in this case ^ 
Plainly owing to the uniyersal tendency of air to dilate when preyious pressure is dimi- 
nished. This is an important point in the mechanism of respiration, because this 
tendency in air to dilate and distend an extensible bag like the lung, counteracts the 
atmospheric pressure on the external walls of the chest, and much facilitates the further 
enlargement of the chest. Wheneyer, then, in inspiration the chest expands somewhat 
rapidly, the air throughout the lung proportionably expands by its dilatibUity on the 
remoyal of pressure, and therefore becomes rarefied, so that it is no longer equal to the 
support of tiie weight of the atmospheric column, which therefore descends by the 
windpipe, until an equilibrium is restored. Authors frequently term the dilatibilLty of 
the air oa. the dindnution of pressure, elasticity. This is not absolutely incorrect, but 
it plainly creates confusion. When air is compressed beyond the density at which it 
exists under t&e ordinary atmospheric pressure, the recoyery of its former yolume is 
properly ascribed to its elasticity. But as conyentionally we «peak of bodies in general 
as being soUd, liquid, or aeriform, according as they exist in any one of these states 
under the ordinary atmospherio pressure ; so, if elasticity be defined that property by 
which a body reooyers its former yolume when compression is remoyed, we should refer 
to the expansion of air, when the ordinary atmospheric pressure is diminished, by another 
tenn than elasticity, as that implies a return to some condition other than that under 
which it exists in the circumstances preyailing at the earth's surface. 

In birds respiration is more energetic than in mammals. The temperature of their 
bodies is somewhat higgler — ^that of mammalw being rather below 100** Fahr., while that 
of birds is often some degrees aboye that point. The lung or prc^r air-bag of birds is 
not larger proportionately than the lung in mammals ; moreoyer it is fixed, hardly 
dilatible, and does not fill the whole cayity in which it is contained, like the lung of 
mummals. But in birds the air peioetrates to ahnoet eyery region of the body, and 
partioolarly into the abdominal ceUs^ .whidx freely communicate with the diyisions of < 
the windpipe. The whole, trunk, in short, lorms one great respiratory cayity ; and 
whon the expandad bceast-boEne is drawn downwards itom the yeortebral column, acting 
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AIS-TTTBES A17D LUNfiS OF BIRDS. 

a, trachea ; h, palmonarv yessels : c, lun^ ; 
dt orifice of bronchiiu tube ; e, bronctaial* 
tube opened. 



like agieat bellows, it sudks air into the whole cavity, and hj its aaeent again expels it 

Birds haye no proper midriff or diaphragm, by 
which, in Tnn.TnTna.l8, the chest is dosed in belowy 
and divided from the abdominal cavify. 

In reptiles the lespirfttloa is of a mneli less 
energetic character than in mammals and birds. 
These animals are conse^faendy oold-Uooded : 
that is, their temperatmre nearly accords with 
that of the medium in which they live. 

The lungs, however, are generally of gpnat 
oze m reptiles, as compared with the bidk of 
the whole frame. The pulmonary cells aze 
mnch larger than in maTnmalfl and biids, and 
sometimes the hmg degenerates into a mere 
membranous bag without partitions. As Hie 
lining of the minute air eavities in the higher 
animals is the membrane in which the blood is 
subjected to the influence of the air, it follows 
that the smaller the air-cells are the greater is 
the extent of the tissue in which Hie blood is 
exposed to the action of the air ; so that, not- 
withstanding the sise of the lungs in reptiles, 
a much smaller proportionate quantity of blood 
is brought into contact with the air in a given time than in the higher orders of 
animals ; since they, in the aggregate, have a most extensive lining to the interior of 
the air-cavities, owing to their very minute subdivision. 

In a few reptiles respiration takes place by gills, as in fishes. The Pereimi- 
branchiate amphibia, as they are named— of which the Lepidosiren is an examj^e — 
possess both lungs and gills. The frog in the tadpole state breeHies by gills ; in the 
mature state by lungs. In the frog, as in some other reptiles, inspontion is performed 
on a plan altogether different from what is observed in the higher orders, and the air 
may be described as being swallowed. The mouth is very capacious. The jaws are first 
closed, and then the mouth being dilated, the air enters by the nostrfls and distends it 
then by the compression of powerfril muscles, while the nostrils ore dosed by vaJyes, 
the air is forced to descend into the lung. It is subsequently expressed, as in the deq» 
expiration of the higher animals, by the action of the abdominal muades on the chest 

In fishes breathing takes place solely by gills. The water wluch is impregnated 
with atmospheric air is taken in by the mouth, and forced out again by the apertores 
on each side of the nedc. It is thus made to pass between tiie gills, whidi form a set of 
comb-like vascular fringes, supported upon a system of bones termed the branchial 
arches. These arches are generally fbur incumber on eaeh side, and are attadied by 
one extremity to an intermediate chain of bones situated opposite the midcQe of the neck, 
behind the hyoid bone, while by their opposite extremity they axe joined by ligaments 
to the under surface of the skull. 

"' A brandiial arch is made up of several pieces joined together by ligamenti^ the 
whole being perfoody flexible, and the edges defended by litde osBeons plates, oommonly 
armed with teeth; and the arches are so placed as to prevent the fbod taken into the 
mouth from being foreed out through the bnadnal flasuxes wiHi the stnam of water. 
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The ftmctioii aiToepkntism is maiiifesily tfaye same in fishes as in the higher aotmals, 
BBnidy, purification of the blood and the maiatenaiice of animal heat. 

Of moQusca the chief part breathe by giUa ; some howerer breathe air by ooBgans 
ooRespcmding to hmgs. 

The oephalopodsy as the cuttle, nautilus, &c., have two giUs, one on eadi side of the 
muscular sao formed by the doak. These gills haTB the form of a compound fern lea^ 
and are contained within the risceral sac. The water enters through a valvular tufac* 
tore, and is subsequentiy expelled with force through the fuimeL 

Of the gasteropods, the terrestrial species, such as the slug, snail, limpet, and welk, 
breatiie ah: whieh is alternately drawn in and expelled from a cavity lined with a vas* 
oular network. To these species the name Pulmobrancl&ita has been given. All of 
these do not abacdutely Hve on land, but sudi of them as inhabit the water must fre- 
quently rise to tihe sur&ce for the purpose of breathing. 

In the marine gasteropods there are gills variously situated. The situatian g£ the 
gills in this order has been taken as a principle of arrangement. Thus, in the Nudi* 
branchiata, the gilk are naked and placed upon some part of the bai^; or, as in the 
Tritonia, along its entire length. 

In the Inferobranehiata, the gills resemUe two long rows of leaflets placed on the 
two sides of the body under a prqjeoting edge finmed by the maaitLe. 

In the Tectibranchiata, the gills are on one side of the body only, conoaaled by a 
flap derived from tiie mantle. 

In the Pectinibranohiata, the gills are placed internally in a large cavity, into whioh 
the watw is freely admitted, as in all the agknl univalve sea-cheUs. 

In the GoncfaiiSBrotts MoUuscs, which include the oyster, mussel, soallop, oooUs, 
solen, &c., the breathing apparatus is dUtborately oontrived. The gills are in the &stm 
of fringes, sometimes tenned in the oyster the beard. Every filament of I3ie branchial 
fringe, by the help of the mieroscope, is fbund to be eofered with Imnimeralde cflia, or 
eydadi-like prooesses, in constant vibration, thus producing rapid eoireDts in l&e water, 
which sweep over the entire surfSiuse of the gills, perfiirming the double office of aerating 
the blood, and carrying towards the mouth the floating animalcules or other nutritious 
particles which may be spread around. 

In the Orustaoeous animals, suoh as the lobster, the crtb, and the crayfish, there are 
fringes and tufts variously disposed, which serves the purpose of giQs. In Hm lobster 
thfiM are pyramidal tofts, consisting of a centnl stem covered with vascular laments, 
in which blood^vessda ramify. 

The Arachnidians, or sj^den, are divided into two sections, founded on a diffsrenoe 
in tiieir mode of respiration. Tb» Traoiheaxean Arachnidians, to wlooh the miites and 
itch insects belong, breathe as we shall find insects to breathe^ by means ai air tubes 
opening upon Ihe surfaoe of the body, by which the air is conveyed to every part of the 
system. The Pulmonary AraehnidiauB, of which the true spiders and the soapion are 
examples, breathe by hmgs, or pulmoaazy hrandhia, as Ihey are tenned^ as oombining 
in some measure the characters of both lungs and giUs ; their respiratovy organ being 
a bag containing fblded lamuuB^ en which i&e air and perhaps sometimes water acts. 

In insects, tibe air is conveyed by means of air tubes and bags opening on the snrfiEUse 
of the body, thus at once aerating the blood, and giving to the frame that lightness 
necessary for flight through the air. 

The bee brasthes by respiratory bags, of whidh it has two, opeciBg on the surfiEwe 
of the body by two hdeiHHrtigniatB, as tiwy are ctUed—fUid giving riie to (wrsnl 
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brauohfid tota. On the other hand, the respiraiory appantus of the grub of this 
insect, as indeed of most others, is excluaiYely tubular ; and these tubes have a very 
difiEJorent distribution from that which they present in the perfect insect. The same is 
the case with the caterpillar of the silkworm ; but eyen in the pei&ot animal the respi- 
ratory apparatus, in tiiis instance, is tubular alone. Of these tubes one large one runs 
along each side of the body, and giyes o^ opposite to each of the numerous openings 
upon the sur&ce, two sets of branches, one to the lower part of the body, and the other 
to the upper, in such a manner that the former branches go chiefly to the muscles 
moving the feet, and the latter to the dorsal blood-yessel and to the seyeral entrails, 
which in insects axe always situated near their back. The stigmata, or orifices of the 
respiratory tubes, in the caterpillar of this insect, are furnished with a kind of lips, 
which open or dose them at pleasure ; and it is probably, by a similar apparatus, that 
all terrestrial insects regulate the ingress and egress of air employed in respiration. 
But some terrestrial insects are capable of respiring eyen under water, and the means 
by which they do this are extremely curious. In general they carry down with them a 
oonsiderable portion of air in the interstices of the hairs with which their bodies are 
covered, and which continually exuding an oily fluid preyents the water £rom coming in 
contact with it ; they breathe, therefore, under these circiunstances, in a kind of natural 
diying-bell. In some insects however, such as the water scorpion, the air tubes, instead 
of this conlzivance, are provided with long processes extending from the posterior part of 
the body, the extremities of which, being always above the water, frimish them with a 
constant supply of fresh air. They are, in fact, a kind of water serpent, or cetaceous 
animal, in this respect ; the bulk of their bodies being under wat^, while their spiracles, 
or -die holes through which they breathe, are above it. In all insects which fly, it seems 
to have been the object of nature to carry rather the air to the blaod than the blood to 
the air , and how excellently adapted to this purpose is the tubular and ramified struc- 
ture of their respiratory apparatus must be 8u£S.ciently evident. 

In the Hyiiapoda, such as the multipedes and the centipedes, the air is taken into 
the body through a series of minute pores or spiracles, placed on each side along the 
entire length of the animal. 

In the Annelida, or red-blooded worms, of which the leech is an example, a series 
of membranous pouches is provided for respiration, into which narrow duots open, by 
which aerated water enters. 

In the inferior tribes traces of respiratory organs are still discoverable, though these 
are so various and so obscure as to render it impossible to comprehend within our limits 
any particulars of these most rudimentary forms of the function. 

The Sidney.— The urinary organs do not occur in the non-vertebrated animals. 
They appear for the first time in fishes. 

The kidneys are voluminous in fishes. They are composed of microscopic tubuu, 
which terminate in the larger uriniferous tubes, termed ureters. 

In some reptiles the kidneys are lobed, and in the higher species have much the 
same structure as in birds. 

In birds the kidney considts of several distinct lobes, connected by the branches of 
the ureters ; and, in many respects, approach nearer and nearer the character of the 
kidneys in mammals. 

The structure of the kidneys iu mammals is somewhat complex : the blood from 
which the secretion is d^ved is arterial blood. The kidney conaists of two sub- 
atancce^.the cortical, or outer surface, and the internal, or nedottary. Of these the 
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VS&TXCAL aSOXION OF XIDNXT 
IN iCAK. 

Its medullar^ Bubstaaoe, termi- 
nating in uriniferous tubes, 
opening into the calyx, and 
passing ttacir seeretioa into the 

ureter. 



fonner is the most Taooolar, and the latter chiefly compoBed of uriniferous tabes.' Tlie 
blood-yesscls undergo a peculiar mode of conyolution into 
minute masses, -which are termed ^^ Malpighian bodies." 
The tubules do not communicate directly with the blood- 
vessels. The secretion, however, first takes place in these 
tubules, which gradually unite, and finally, under diffierent 
names, convey the secretion into the canals by which it is 
transmitted to the bladder. 

The urinary secretion is plainly of vast importance in 
the animal economy. When this secretion is interrupted 
death speedily takes place ; and the kind of death which 
occurs is regarded as a species of poisoning, owing to the 
blood becoming contaminated with noxious chemical 
products, which should have been thrown off by the 
secretion. 

Urea and uric acid are the two most remarkaUo sub- 
stances known to exist in the urine. Between four and 
five hundred grains of urea are thrown off by the kidney 
ftom the living system in the adult male. The quantity 
is considerably less in females, in children, and in old 
people. The quantity of uric acid thrown off in twenty- 
four hours is much less, being hardly more than one- 
thirtieth part of the quantity of urea. Both these substances, as before stated, contain 
a large proportion of nitrogen. They are products of the disintegration of the solids 
of the body. The saline matters contained in the uiine for the most part have a 
similar source'. 

Urine contains about seven per cent, of solid matter to ninety-three per cent, of water. 
Of this solid matter about tiucee per cent, are urea, one-tenth per cent, urio ddd, half per 
cent, phosphates. As the phosphates exist in the solid parts, one source, at least, of these 
in the urine is tiie disintegration of the solids of the body. After very violent and 
long-continued exercise, the urine is observed to contain an unusual abundance of 
phosphates. There can be no doubt of the general truth of the proposition that the 
great piupose of the urinary secretion is to convey out of the system certain chemical 
products, arising £:t>m the disintegration of the liviog parts, though the precise scries 
of chemical changes which take place be not yet fully determined. A general view, 
then, of this subject is all that is compatible with the plan of this treatise. 

We speak cnirentiy of the effete matter of the living system being continually 
thrown oS, and that such a separation is essential to the well-being of the body. It is 
not remarked, however, that merely slightly altered or exhausted portions of the 
various tissues, such as bone, cartilage, musclo, tendon, nerve, and blood-vessel, are 
thrown off in those processes by which effete matter is got rid of. It has long been 
noticed tiiat the fluid contained in those vessels, which have been supposed to perform 
what is termed interstitial absorption, is homogeneous, and that it never shows signs of 
having been derived from.the didntegiation of any such solids as those above enume- 
rated. Hence it was always confihided, in fonner times, that these absorbent vessels 
had not only tiie property of takmg up the effete matter at the points where it formed, 
but that they had also the property of deeompoaing such effiete matters, and of con- 
verting them into sueh a homogeneous fluid a» is found in the absorbent vessels. It 
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soemsnowy haweyer, yery doubtful if theae aUmrbent YetmfA» take n^ anytbing else but 
liquids ; since it is far mare probable that tlie prooeas by wbiob solid parts are absorbed, 
consists, first, of a chemical decomposition of the solid, under the influence of the 
oxygen, conyeyed to all parts of the system by the arterial blood, by which it is 
reduced to a soluble foann, and then of its transmisaum through the coats of the minute 
yeins into the blood. Thus the saline matters, such as the phosphates contained in the 
portion of solid liying substance disintegrated, bec(»Be8 at once mingled with the blood ; 
while the organic tissues, as consisting of oxygen, hydrogen, carbon, and nitrogen, are 
conyerted into water, carbonic acid, uzea, and uric acid. 

We may judge of the extent to which this conyendon goes on £:om the continual 
renewal of the blood and the solids of the body, which, while the same weight is 
retained, cannot take place without a corresponding remoyal of such parts as, by the 
progress of deydlopment to maturity, haye reached the stage of decay and disintegration. 
The component parts of the liying solids plainly undergo changes analogous to the 
growth, the maturity, the decay and death of the whole body. The new portions of 
nutriment supplied by the blood, in its sucoessiye circulations, carrespond, at first, to 
the embiyonic deyelopment of a young indiyiduaL By degrees these parts adyanoe to 
mattirity, and begin, after a short period of effident service, to lose the energy of their 
yitality ; so that they are now ready to become the prey of the ordinary chemioal 
affinities of their component elements, and, under the action of the oxygen conyeyed by 
the arterial blood, they become again reduced to matter but one degpree remoyed horn 
the inertness of the dust of the earth. 

Of tbe Sap of ▼•gotables.'-The proper sap of plants undoubtedly ooxreBponda 
to the blood of animals. By proper sap, howeyer, we are to underrtand not this 
ascending but the descending sap-^that which, after its ascent firam the roots, has 
undergone an elaboration in the leayes, so as to be prepared to afford to the seyecaL 
tissues a new supply of their proper substance. 

The crude or ascending sap is totally diflSarent finm the elaborated sap. For 
example, the crude sap of a plant, when flowing upwards in abuBdauoe, may affoxd a 
refreshing drink, though, after elaboration in the leayes, it may beeame &£ a poiaoiiofas 
nature. The Euphorbia canarimais is the plant which affovde tiste xeam. euphoelHnun^af 
the shops, formerly employed as a blistering substance. This ]^ant the inhahitanto of 
the Canary Islands are said to tap, and draw off the ascending current for the puxpoae 
of refreshment, notwithstanding the acrid chazaeter of the sap. after elaboration. 

The descending or elaborated sap abounds in gbboles, and often, after being with- 
drawn from the ^ant, undergoes a spedes of coagulation. This sap-4fae proper juioe 
or blood of the plant— plainly contains the materials of the solid parts which compose 
the structure of the plant, as well as tiiose whieb enter into its yarions seczetiana and 
excretions. 

What, then, is the foundation of the differenoe between the elaborated, cr desoending 
sap, and the ascending or crude sap ? In the first plaee it is evident thaft orudQ siq^ does 
not contain all the materials which, by a certain transfonBtttion, may be converted into 
the constituents of the perfect sap. Whence, then, are those new materials obtained, 
which, being added to those of the ernde si^ fflqJaina the dmbjanent o^ the peifiMt 
sap? Itisplainly the office of the leayes to add thooe new Baterials. 

It has been a prevalent idea that the leaves of plants correspond to the lungs of 
a nimals , and that their use is merely to ventilate or purify the crude sap, as the 
lungs do the Tenons blood of animals. A moie exact serutiny of the offi.ee of tiie 
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leares shows that tiiey are the channel by whi<^ a most important part of the food is 
conveyed into the substance of the plant. 

Although carbonic acid is conliniially given off by certain parts of plants, it is 
proved, beyond all doubt, titat this generation of carbonic acid amounts to but a very 
small deduction to be made from the far more extensive decomposition of that gas 
vhich takes place in the leaves of plants under the influence of light. The carbon 
derived from this decomposition of carbonic acid becomes fixed in the plant, while free 
oxygen is given off. Thus the leaves in reality correspond to the digestive organs of 
animals, since, though nourishment is derived from other sources, yet a most important 
part enters by this channel ; and it even appears that some otlier parts of the food of 
plants enters by the leaves, besides the carbon. 

The food of plants consists of water, carbonic acid gas, ammonia, and some saline 
matters; and these several articles of food enter partly by the spongioles of the 
radicles, and partly by the leaves. The crude or. ascending sap is derived from the 
spongioles of the radicles, and doubtless contains all the saline and earthy matters 
which enter into the constitution of the plants ; it appears, also, to contain portions of 
the other aliments, particularly the watery part and the ammonia. By the additions 
made to this sap derived from the spongioles, the sap becomes matured, and prepared 
for the general nutrition of the tissues, and the supply of the secretions. It comes now 
to contain fecula, gum, sugar, lignin, and also the proteine compounds, albumen, 
fibrine, caseine, &c. ; or substances readily convertible into these, by which the annual 
additions to the stem is made, the fruit is developed, and the several peculiar secre- 
tions, such as oil, fixed or volatile, resin, gum-resin, balsam, camphor, and the like, are 
supplied. And after the sap has served these uses, there is a surplus of nutritive 
matter lefr, which is laid up for the supply of the wants of the vegetable economy in 
the subsequent year ; for, obscure as this subject still is, it seems certain that the sap 
which first rises from the soil in spring becomes mingled with organic products formed 
in the previous year, by the aid of which, before the leaves have commenced their 
office, various important effects in the vegetable economy are accomplished ; and this 
in accordance with a rule of organic nature already referred to, namely, that for 
materials from without to become fit to be incorporated with pre-existing organic tissues, 
a mixture with the products of living action is a usual preliminary. 

The respiration of plants, like the respiration of animals, consists in the evolution 
of carbonic acid, and the consequent development of temperature. By tins evolution 
of carbon, which appears to take place «t all times, though in minute proportion, some 
purification of the proper sap must be effected ; and there also appears to be other 
means of excaretion, by which the same end is still farther promoted. 

Of B.epvoduction.^The continual renovation of the tissues composing the frame 
of an adult animal, and of the leaves of trees in each successive spring, bears a stt&ing 
analogy to the reproduction of species by the individual, whether animal or plant. 

A germ separates from the body of the parent, which, und^ the application of 
certain* conditions, different in different divisions of organic nature, becomes developed 
into a new individual. 

The whole process is of the most wonderM character from beginning to end, and 
in whatever part of organic nature it is studied. The least complicated mode of repro- 
duction is found in such organisms as the red snow {protoeoeeua ntt^olw), which consists 
ef a simple aggregation of vesicles, without any definite arrangement,— sometimes 
united, but capable of existing separately. In simple organisms of this Mnd, simple 
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rapture giyes independent existence to the rudiments of new indiyiduals contained 
within them. 

The successiye development of the seyeral structures belonging to the mature 
individual in the higher parts of both kingdoms, is not less wonderfid than the varied 
primitive development of the germs. 

The progress of the development of the chick during incubation affords one of the 
most interesting examples of this ulterior stage of reproduction. 

Let us briefly review the anatomy of the egg at the commencement of incubation. 
Beneath the shell there is a membrane consisting of two layers, which, by their separation 

at the larger end, form a 




section: of a bisd's sgg. 
a, cicatricola ; d, yolk-bag ; c, memlurane lining the shell ; d, attach- 
ment of chalazse ; /, air space ; ^, albumen. 



space filled with air, es- 
pecially rich in oxygen, 
this air vesicle being des- 
tined to serve for respira- 
tion. Within the inner 
layer of this membrane 
lies the white, and within 
the white, enclosed in its 
proper membrane,the yolk. 
From each extremity of 
the yolk-bag proceeds into 
the white a knotty body, 
terminating in a flocculent 
extremity. These two bo- 
dies are termed the cha- 
laz<s, and their effect is to 
keep the yolk uppermost 
in the white ; for by shak- 
ing an egg violently, the connexion of these with the white is destroyed, the yolk 
mTTlHng to whatever end of the shell is downwards ; and this is the secret of making 
an egg stand upon end, without proceeding to the violent expedient reported to have 
been employed by Columbus. On the surfjEU^e of the yolk-bag is a small round milk- 
white spot, called the cicatricula, surrounded by one or more whitish concentric circles. 
The cicatricula is the blastoderm, or germinal membrane, from which the future being 
is developed. Beneath the germinal membrane there is a canal, which leads to a 
chai&ber in the centre of the yolk, and which is filled with a whitish granular sub- 
stance. Such is the description of the egg in the fowl, and in its general character it 
represents the matured ovum in vertebrate animals. 

As soon as incubation commences, the germinal membrane becomes distinctly 
separate from the yolk and yolk-bag, spreading and assuming the form of a central 
pellucid spot, surrounded by a broad dark ring. At the same time it becomes thick- 
ened and prominent, and is soon separable into three layers ; of these the exterior is a 
serous layer, the internal a mucous layer, and between the two is situated a vascular 
layer in which vessels soon become apparent. From the first, all the serous structures 
of the future animal are developed, as from the mucous layer are all the mucous 
structures, and from the middle all the vascular structures. 

Towards the close of the first day, the serous or outer layer has become thickened 
into the first rudiment of the dorsal portion of the future embryo, while the two other 
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layers atill remftin iinfllterffli At tho eommeneement of tbe fi&cond d&j^ the tmkrior 
portion of tlio cmhiyo ia dilatodj and the three mEJtnbnmes which represent it have 
become bent down. At the conclusion of tho aetiond day, thi^ inflection 33 carried still 
ikrlh^er^ and in tho vascular layer a beating 
pdnty the puHcium faiiens^ the first appear- 
ance of a heart, liaa "become developed. On the 
third day, the serous membrane baa becomjG 
jefleeted over the back of tho foBtiia j at ono 
e^stremity investing the head irith a serous 
eovoring, and at tho other extremity in- 
veeting tke tail. Tim reflection of the aeroiES 
membrane is finally to form the amnion or 
inner lining of the bag in which the foetus 
18 to be contaiiied. 

The mucous layer, or that next the yolk, 
at this time lines the open space which is 
to form the abdominal cavity, and by its in- 
flections gives origin, to the rudiments of the 
abdominal viscera. 

The heart in the vascular layer is now 
seen to be composed of two chambers ; and 
further, the branchial arteries are discovered 
which join to form the aorta. 

On the fifth day, the outlines of the vis> 
cera are tolerably distinct, the sac of the 
anmion is completed, and the liver and limgs 
begin to appear ; the bag of the altantois is well developed. The heart is still that of 
a fish, and the aorta formed by the branchial arches, which luid been visible from the 

third day. The successive changes which 
take place on the vascular system are rather 
complex. Thus, of five pairs of vascular bran- 
chial arches, which at first by their union 
formed the aorta, as in fishes, those of tho 
first pair on both sides, and of the fifth on tho 
left side, speedily disappear. The third on each 
side becomes the brachio-cephalic trunks; 
the fourth of the right side becomes the de- 
scending aorta ; while the fifth of the right side, and the fourth of the left side, are con- 
verted into the pulmonary arteries. The very short trunk common to the two pulmonary 
i arteries, and also the equally short trunk of the aorta, are produced by the transfor- 
i mation of the single cavity of the original ^^ bulbus arterosus" into two distinct canals ; 
! and thus this wonderful metamorphosis is completed. — The GmertU JStruciure of the 
j Animal Kingdom, by Jones, p. G27. 

j About five days from the commencement of incubation, the vascular layer of the 

\ germinal membrane has spread extensively over the yolk ; and as the vessels are formed, 

they are found to converge towards the navel of the embryo, and to constitute a dijh 

tinct system of arteries and veins communicating with the aorta and the h^art of the 

fcetus, and forming a vaseular drde surrounding the yolk. These vessels are termed 



XXBKTO OP BISB. 

With the vessels (t) of the voscttlar area, after 
four days' incubation. 




e. Formation of the digestive cavity ; c, em- 
bryo ; /, layers of germinal membrane ; h, 
heart; s, stomach. 
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POEMATION OP TflTR ALLAMTOIS. 

embryo; g, layers of frerininal mem- 
brane ; «, stomach ; t, SLllantois. 



omphalo-meseiLterio vessels. The omphalo-mesenteric arteries arise from the mesen* 
terie arteries, and the omphalo-mesenteric yeins return to the yena caya of the 
chick. 

When the intestinal system has reached some degree of deyelopment, a oommimica- 
tion is found to haye arisen between the yolk and the intestine, by a wide duct tenned 
the yitello-rntestinal duct, and by which the nntritiye substance of tiie yolk enters Uie 
alimentary canal for the alimentation of the embryo. By the time i&oubatioii is com- 
pleted, the yolk-bag is empty, and the place of tiie duct is marked merely by a little 
csecal appendage. 

The allantoid membrane first makes its appearance in the early part of incubation, 
-while the abdomen is stOl open, as a delicate bag derived from the anterior part of the 
rectum ; but it quickly ^ilarges, so as at last to line nearly the whole esxtent of th« 
membrane of the shell ; and being thus exposed to the air, which penetrates the shell, 

it becomes an important organ of respira- 
tion. When ftilly developed, it is copiously 
supplied with arteries and veins. The ar- 
teries derived from, the common iliac trunks 
correspond to the umbilical arteries in mam- 
mals, and the veins corresponding to the 
umbilical veins, reach the inferior vena 
cava. 

About the nineteenth day of incubation, 
the air-vessel at the large extremity of the 
Q^^ is ruptured, the lungs begin to breathe 
the air which it contained, and the vessels of the allantois become by degrees obli- 
terated. On the twenty-&:st day the chick escapes from the shell, to begin a new 
phase of Hfe. 

On the fourth day the chick is about four lines in length; on the sixth day it is 
seven lines ; and then what appear to be voluntary motions are first obseived. Ossifi- 
cation commences on the ninth day, and on the fourteenth day the feathers appear ; and 
if taken out of the egg, the chick can open its mouth. 

&fiipxodiiction In the Vegetable Singdom.>-The first stage of reproduc- 
tion in the vegetable kingdom is the maturation of the seed ; the second stage the ger- 
mination of the seed, by which a new living plant is produced. 

The seed is matured, as a general rule, within the inferior portion of the pistil or 
female organ, termed sometimes gennen, sometimes ovary— the latter term being most 
used. Tlus inferior portion of the pistil becomes, by maturation, the fruit or seed- 
vessel, called also the pericarp. Familiar examples of the pericarp are the oheny, the 
apple, the pear, the poppy-head, the flat pouches of garden honesty, and of shepherd's 
purse, the French been, and the pea-pod. 

If we examine the several flowers in which these pericarps form, we shall find all 
of them are mere adargements of the base of the pistil— that is, of the geirmen or 
ovary. 

If the interior of the germen or ovary be examined at an early period, the rudi- 
ments of the seeds are found to be already present in the form of minute membranes 
-not yet closed in on every side. The condition requisite for the perfect development of 
these rudimentary parts into perfect seeds is the entrance into their interior of a poUeB> 
granule derived from the male organ or stamen. The upper part of the gtamav named 
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tmther, secretes the pollen, which, being transfeired to the upper part of the pistU» 
there finds entrance, and descends through the midfle part or stUe into Hie cavity of the 
.germen or orary, imd finally into the cavity of the rudiment of the seed. Forthwith tho 
seed becomes developed into a perfect part. 

The perfect seed contains, beneath its exterior membranes, a part destined to 
be developed into the stem, another part destined to be developed into the root, and 
other parts destined to supply nourishment up to 1^ period when the new indi- 
vidual has attained sufficient development to draw the means of support fix)m the 
4Boil and from the atmosphere. The nourishment contained in the substance of seeds 
is starch. 

The conditions necessary f6r the dervelopment of a seed into a new plant are the 
presence of moisture, warmth, and atmospheric air. When put into the earth, not far 
from the surface, the seed swells by the agency of moisture, and imbibes oxygen from 
the air diffused through the water of the soil. In proportion as it acquires oxygen, it 
throws off carbonic acid. The starch during this process is, in part at least, changed 
to sugar, or to a soluble substanoe msae readily conveyed onwards, as the stem and 
radicle are developed. Besides starch, the seed contains certain saline bodies, such as 
phosphates, and the ot^er mineral constituents found in organic bodies, which serve 
for a supply tiU the root is sufficiently developed to draw such constituents from 
the soil. 

Under the influences of these sources of supply, the genunule, or part of the seed 
representing the stem, at last arises above the ground, and the radicle, or part repre- 
sentrog the root, descends into the earth. The parts of the seed destined to supply 
nourishment are the seed lobes, or eotyledonary bodies, and the albumen ; the latter 
being present only in certain orders of seeds. When the aLbumen is absent, the eoty- 
ledonary bodies are proportionally larger. In many plants these seM-^obes, or eoty- 
ledonary bodies, rise above ground in the form of temporary leaves, and plainly perform 
for a time the office of leaves, by drawing nourishment from the atmosphere. But as 
the proper leaves form on the stem, the eotyledonary bodies, whether they ascend into 
the atmosphere or remain below ground, shrivel and decay ; and the same thing happens 
to the albumen when it is present. 

When this stage is attained, the growth of the new individual proceeds on much the 
same plan as in mature plants. 

S>eeapit«latloai^— Such, then, is an outlino of organic life in the two great 
departments of nature endowed widi vitality ; and a brief review of the connexions of 
these two kingdoms of nature with each other, and of their common dependence on 
mineral nature, will form a proper conclusion to this section of our treatise. 

We have seen lliat tlie elemooLts which compose the animal kingdom exist in the 
inineral kingdom. The original position of these elements is in the rocks composing 
the crust of the earth, and in the water which zests on its surfeuie, or in its gaseous 
envelope, the atmosphere. Hie next position in which these elements are found, pre- 
viously to tlieir becoming part of the substance of the bodies of animals, is in the com- 
ponent parts of the vegetable kingdom— -namely, in parts of vegetables which serve for 
food to animals, such as ^e roots of Hie potato, the turnip, the carrot, the parsnip, the 
onion, the leek, the beet, t^ leaves of the varioue i^des of brassica, spinach, parsley^ 
lettuce, tho seeds of wheat, bailey, oats, and Indian com, rice, and t^e like. We next 
find these elements advanced to the rank of eonstitaents of an animal body, and some- 
times passing from one animal body to another. The next transition of these elements 
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is a retain to the zzuneral state ; not, indeed, for the most part to resume their original 
form, if that were the component parts of a rock, but to enter into the soil, or to join 
the waters of the surface, or to float in the air till receiyed again into the yegetable 
kingdom, to perform the same round as before. 

For example, one of the ores of manganese, which when exposed to heat gives off 
oxygen abundantly, occurs in the oldest strata of the crust of the earth. Thus, an atom 
of oxygen which has lain fixed in a rock for an incalculable number of ages, may have 
been set free only a year or two ago, and yet if the history of its progress could be 
traced, it would fill a volume. 

Its first condition, after being set free from its imprisomnent, is a particle freely 
floating in the atmosphere. We may suppose, then, that it descends to the earth absorbed 
.in a drop of rain. It unites with a minute portion of carbon existing in the soil, to form 
carbonic acid, which, being taken up by the root of some useless weed, is conveyed to a 
leaf, and then again set free, — ^its companion, the carbon, being retained. We may next 
suppose that amid a thunder-storm, as it floats high in the air, it is yoked to an atom 
of hydrogen, to form an atom of water, and that it again descends to the earth ; 
now not as an impregnation but as a minute integral portion of a drop of rain. It is 
agaiu taken up, we will suppose, by the radicle of such a grass as the common poa or 
meadow grass, and the atom of water being decomposed, it becomes fixed in a minute 
portion of albumen within the leaf of the grass. By-and-by this grass is cropped by a 
cow grazing in the pasture ; and the albumen being soon changed to caseine, it comes 
forth as a constituent of nulk. It is quicldy found in a human stomach imdergoing the 
process of digestion, and being received into the blood circulates there, to escape, 
perhaps, from its new possessor by a cut of the finger. 

The blood left exposed to the air quickly putrefies, and our atom of oxygen escapes 
from the fibrine or albumen in which it existed, in company again with carbon, or in 
the form of carbonic acid. It probably soon comes into contact with a leaf, for example 
a spinach leaf, and the carbon being disjoined from it and fixed in the plant, our atom 
agaiu becomes free. It now, for the first time, becomes the victim of respiration, being 
drawn into the lungs of a passer-by. Being conveyed over his body with the arterial 
blood, after passing through his heart, it is quickly found uniting with the debris of: 
the muscular fibres which have been longest in action ; and, returning in the venous 
blood to the lung, united with a portion of carbon, is thrown out as a part of the 
expired air, in the shape of carbonic acid. It is now carried high into the air, and 
falling into the southward current, is quickly found journeying westward, with the 
trade-wind, at a lower level and in a warmer region. As it reaches the luxuriant 
vegetation of a West Indian Island, it is speedily disjoined from its associated carbon, 
and again set free, leaving its companion to form part of the substance of a luxuriant 
banana. Soaring again in the air, it forms part of the northern current, and in no long 
time is again found fit to assist the respiration of the inhabitants of the same region 
from which a short time before it had departed in company with a particle of carbon. 

Such is a slight specimen of the unceasing changes which the particles composing 
organic nature undergo. There is a circulation of particles from the mineral kingdom 
through the vegetable to the animal kingdom ; and the air which the animal kingdom 
contaminates the vegetable kingdom purifies. Lastiy, the surplus of contaminated 
air, which the Umited vegetation of temperate^ countries cannot purify, is wafted to 
feel the influence of a tropical vegetation, and brought baek restored to the required 
state of purity for animal existence. 
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Witk the foUoFwing ptasage fiom liMgy one of ihe greatfist namefli m oigoiik 
chemifltry, we shaH doM our account of ih» yegetatiTe fimdaooa :-^'' WIlsa th« reg^ 
tehlo kiBgdain, ia Hie temperate and cold zono^ eeaaes to decompoM tiie caxliaido aeid 
generated by the proceesea of tespinidim and combustion, the proper, ooostant, and 
ineybausti b le aonroes of oxygon gas are the toopics and warm dimates, when a eky, 
seldom douded, pemiati the growing rays of the sun to shine npon an ia»easui»bly 
luxuriant Tegetation. In our winter, when artifleial warmth must replace deficient 
Iieat of the son, earbonie add is produced in siqperabandance, and is expended in the 
nourishment of tn^ical plants. JhB gceat stream of air whidi ia ocoasioned by the 
heating of the equatorial regions, and by the vevdntiQiL af tiie earth, carriea with it, in 
its passage to the equator, the carbonio acid generated during our winters ; and in its 
return to the polar regions brings with it the oxygen produoed by tiliQ laropleal 
TegetatioB.'' 

Thft IiooomotlMi •£ A«lmals.-^The next aubjeet fi)r omr ooosidenitiaa is ihtlb 
fimction by which living beings are enabled to more tctan. place to place. Ajanong the 
lowest orders of animal ffidstencea, as in some zoq^hytes and mdlusca, we find tiiose 
whidi are permanently stationary, and, like plants,, unable to leaye the substance to 
which ihey are attadied. And eyen some of these who do moms about, as the sear 
bfaibber, the sea-pen, and many odiers, do so paasxydy ; and, like the dutdEweed and 
star-grass among plants, are moyed in water chiefly by the currents, and tides, Bad 
winds; but the number of those in whom loeomotion is otherwise Hum. aetiTe, is 
certainly very small. Aga^ duri^ one period of their existeoce, liie fixed aoophytes 
do possess a power of looomotloa. ^Dms the yomig qMmge, iHer its sepaxfttum irom 
the parent stem, for several days swims about as if to find the appropriate spotto which 
it may attach itself; while the eilia, or arm*like appendages, to the action of wluch its 
looomotlTO powers are due, fede and disi^ear, as if no longer required, after Uie 
animal has attadied itself to the rock. Similar properties are found among the pdypes 
lodged in tiie madrepores and corals, with which all are fiuniliar. In the hydra, a 
spedes of polype inhabiting our fresh waters, lor the knowledge of whidi we are 
mdebted to M. Trembley, of Oeneya, we find an early example of keomotiye 
powers curious iailie extreme. If the animal is introduced into a ^aas, it may 
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tocoMonoH or stdba rxBiLta—t^fUr m^emhJep, 

be seen, as ia the figure, whea standing erect dowly to bend its body, until ks moath 
touches the sur&ce of the ressel; its fbot is then detached, and brought towards 
^ ^f^ which is then projected fbrwards, and the process repeated, until a derirdlde 
position is obtained. We will pass over the Infusoria, sO njoned by being to be found 
in all animal or vegetable inAirions, aftw being kept a suffldent time ; rince tiiey are 
all microscopic, and not to be seen by the naked eye. Their movements are very rapid ; 
and the microsoope reveals, as is fiimiliar to most persona, a strange end busily moving 
mob even in a drop of water. Among the Medusse some tee remarkable tar their 
organs of locomotion, being furnished with an apparatus not imlike the fins of a fish. 
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with which they strike the water yertically, and give an ascending impulse to their 
bodies. Among the molluscs, the motions of the snail are familiar to every one. They 
are effected by what is called its foot, or a mass of muscular fibre, situated on the 
strong membrane which contaios the entrails, and also attached to the shell. It glides 
along the sur&ce, partly by forming a vacuimi by means of this organ, and partly by 
a viscid mucillage secreted by the part. It is thus, also, that some bivalye mouses, as 
the common cockle, mussels, razor shell-fish, and others, progress — ^the animal protruding 
its foot beyond the shell, and crawling along upon it ; and it is furnished also with 
the same kind of adhesiye mucilage, for the purpose not only of steadying its steps 
during motion, but also, as drawn out into threads under the name of byssus, of pre- 
Tenting it, when at rest, &om being washed away, by tides and currents, fix>m tiie rocks 
to which it attaches itself . 

Advancing in this great class, we find some animals, as the cuttle, moving by a 
kind of arms or tentacula attached to their head, and employed as oars, or as f eet, when 
moving along the bottom of the sea. On account of the singular place of attachment 
of the feet, the animals of this, the highest order of molluscs are called Cephalopods 
(Or. kepJuiUf head, and powy foot). With the exception of the pearly nautilus {KauHltu 
fMfnpilius)^ which has many tentacular organs attached to the head, all other cephalopods 
have eight arms ; to which, in some kinds, as, e, g,, the calamary and sepia, two long 
and slender tentacula are added, which can be retracted into sheaths. Both the eight 
ordinary arms and the two tentacles are provided with suckers, by which the animal 
can attach itself at pleasure. The paper nautilus (Arffonauta), has but eight feet, and 
one pair of these expand at their extremities into broad and thin membranes ; the fabled 
use of which has afforded a beautiful subject for poetic imagery in all ages ; but similar 
appendages occur in Octopus violaeeua, and in Octopus velifer, in which both the first and 
second pairs of feet support broad and thin membranes at their extremities. Now, 
neither of these species inhabit a shell in which the expanded membranes could be used 
to waft the animal along the surface of the ocean, as has been said or simg of the Argo- 
naut, irom Aristotle to Cuvier, and from Gallimachus to Byron. 

The comparative anatomist, who has devoted most attention to the structure and 
economy of the class of Cephalopoda, has concluded th^t— "the physiologist, in con- 
templating the structure of the velated arms, is compelled to deny them the power of 
being maintained erect and expanded to meet the breeze. What their real frmction may 
be is still to be deteirmined ; but the removal of the erroneous impressions entertained 
on the subject is the first step towards the attainment of truth."* Since the article 
from which the above passage is quoted was published, it has been shown that the 
membranous arms of the argonaut are the organs for secreting and repairing the shelL 
This function of the supposed sails of the paper nautilus has been determined by the 
experiments, instituted^ at the suggestion of Professor Owen, by Madame Power, at Mes- 
sina in Sicily. One of the "sails'* was cut off in several living specimens ; the right 
sail being removed in some, the left in others; and the creatures were then kept in a 
sub-marine cage, and supplied with food. Some of them suryived the operation four 
months, when it was found that the shell had grown only on that side on which the' 
membranous arm had been preserved. By these and other observations it has been finally 
determined, not only that the argonaut is the veritable constructor of the beautiful and 
delicate shdl which it inhabits ; but that its expanded membranous arms never act as sails 
• See ProfeBsor Owen's Article, " Cephalopoda," QjelopoDdia of Anat. and PhyBioL, voL U 
(1886), p. 627. 
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to catch the wind. While the Glaucus, a beautiful little moUiuc, of the Indian Seas 

aadMedlterranfian,paintedinblueand8ilYer,8Wiiius 

^th great swiftness by its conical and oar-like 

appendages. 

Passing now to the Annelidai^ we find the earth- 
worm progressing by means of setae, or biistleS) 
attached to the skin, which the animal fixes on 
the ground, while, by the elongation of the 
rings which encircle the body, it moyes on- 
wards. Then the head is applied and fized to 
the ground, and the body, by the contraction of 
its rings, drawn towards it. In the Nereis we 
find numerous tentacula as organs of locomo- 
tion, by which, and by undulating inflexions of 
the body, the animal swims with great rigidity 
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while tho leech, independently of 
its power of swim- 
ming by ordinary 
yermiform motion, is 
furnished with an 
apparatus for suction 
at cither extremity of 
its body. By fixing, 
alternately, one or 



the other, and drawing its body towards it the animal advances at pleasure. 

The motion of insects is much more perfect than that of any of the preceding 
■glasses, while a calcareous or homy coToring 
giyes attachment to muscles of great power, and 
enables individuals to move with immense force 
and velocity. All spiders dart upon their prey 
with great rapidity, while some species possess the 
power of conveying themselves to considerable dis- 
tances by means of threads, which, propelled from 
their bodies, they cling to, and are wafted upon 
them by the winds. The crabs move with gpreat 
xapidity on the ground; but, from the construc- 
tion oi their joints, they can only progress aide- 
ways. The lobsters and cray-fish, again, are only 
adapted for swimming; buttiiemusdcfiof bothare 
highly organised and powerful. All winged insects 
Jiave six legs ; and many moreover have, either in 
the course of their legs, or at their extremities,, 
numerous suckers, by whioh they form a vaouuDi 
every time their legs come in contact with njxy 
surface. It is in this way that flies crawl upon a 
perpendicular surfEUie, or on a smooth mirror, or 
walk along the ceiling of a room. The structure 
of these suckers is very beautiful, and is best 
in the common blue-bottle fly (Muaea vemt- 




1. Suckers of Blne-bottle Fly. 

2. „ Great Water Beetle. 
8. „ Y«llov Saw F^j. 
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iaria)j the great "water beetle {BitUeus tnarpinalis), and the yellow saw-fly (Olmeg 
Lutta). But the most remarkable organs of locomotion in insects are their wings. 
Of these, however, it is sufficient here to say, that they are mored by musdes of 
immense powers, and that the Telocity with which they are moved is at least as 
remarkable as the force. 

rishe*-— We next come to Fishes, most of whom effect locomotion by their fins, and 
of these they employ chiefly the pectoral and ventral pairs, which are strictly analogons 
to the upper and lower extremities of the superior tribes of animals. Some fishes 
effect their progression by the motion not of the fins but of the spine ; as the lamprey, 
which has neither pectoral nor ventral fins, and which seems to move in its natural 
element, the mud, entirely by the lateral flexion of its spine, which it first draws into an 
S-Uke curve, and then shoots forward the anterior portion. The same is the case, 
also, with the eel, when it creeps on land. Others again, as most flat fishes, which, 
like the lamprey, have neither pectoral nor ventral fins, use their tails principally in 
making progress in the water. This operation is extremely simple. Everybody knows 
that the ordinary way of propelling forwards a boat is by rowing ; that is to say, by 
means of one or more pairs of oars passed over its sides, the action of which is exactly 
similar to the pectoral fins of fishes. But it is likewise weU known that a boat may be, 
with equal certainty, urged forwards by what is called sculling ; that is to say, by 
means of one oar passed over its stem, and continually moved in the water from side 
to side. Now, it is precisely upon this latter principle that the tail of fishes, moving 

from side to side, operates in propelling them forward. 
D It is evident that the oar on the one hand, and the 

/1\ tail on the other, in this alternate lateral motion, id 

continually displacing a quantity of water great 
in proportion to the length of the instrument em- 
ployed, and consequently to the sweep which it makes 
in its oscillation ; and it is by the resistance which 
the water makes to this displacement, by the oar or 
tail, in coming from its extreme sweep to the axis or 
mesial plane of the boat or fish, that either is urged 
onwards. " Let us suppose," says Dr.Boget, " that 
the tail is slightly inclined to the right, as shown 
in the annexed figure. If in this situation the 
muscles of the left side, tending to bring the tail 
in a right line with the body, are suddenly throw^i 
into action, the resistance of the water, by re-act- 
ing against the broad surface of the tail in the 
direction P R perpendicular to the surface, will cause 
the muscnlar action to give the whole body an im- 
pulse in that direction, and the centre of gravity, 0, 
will move onwards in the direction C B, parallel tO 
P R. This impulse is not destroyed by the further 
flexion of the tail towards the left side, because the 
principal force, executed by the musdes, has already 
been expended in the motion from R to M, in bringing^ 
it to a straight line with the body ; and the force 
which carries it on to L is much weaker, and therefore 
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occasions a more feeble re-action. When the tail has arrived at the position L, indi- 
cated by the dotted outline, a similar action of the muscles on the right side will create a 
resistance, and an impulse in the direction of K L, and a motion of the whole body in the 
same direction, C A. These impulses being repeated in quick succession, the fish moves 
forwards in the diagonal, C D, intermediate between the directions of the two forces." 

It should be added to this description, however, that fishes in general have the 
piwer of " feathering*' their tails — ^that is to say, of so puckering up the lobes in 
their outward motion, as to make them displace as little water as possible — since the 
effect of the resistance of the water in this direction must obviously be that of retard- 
ing their course ; while, on the other hand, they expand these lobes on their return to 
the mesial line, in order that they may displace as much water as possible ; since it is 
upon the re-action of the water in this direction that they rely for their advancement. 

The bodies of fishes are of very nearly the same specific gravity as the water in which 
they live, owing to the great quantity of fat which most of them contain; so that very 
little effort is required to keep them at any given height, and their descent or ascent in the 
water is comparatively easy; the latter being further promoted by the faculty they pos- 
sess of filling their air-bladder at pleasure with air. "When they attach themselves to 
rocks, it is by means of suckers, as in other tribes ; and when they leap firom the sur- 
fece of the water, it is by a sudden and forcible extension of their bodies after a strong | 
flexion, — the elasticity of the water thus giving them the force of a projectile. Some 
fishes also, as the fljing kinds, are capable of using their long fins in the air almost in. 
the manner of the wings of birds — a hundred yards being no unusual fiight. 

ReptileSi^— In serpents we find the spine as an organ of locomotion ; and these, 
unlike all other vertebrata, have only abdominal and caudal vertebrae, the motions of 
which are exceedingly free upon each other. Serpents differ from fishes, in the circxmi- 
stance of their spine supx>orting their true ribs, as well as in that of the bodies of their 
yertebrse being attached to each other, not by means of an interposed fiuid, contained 
in a shut cavity formed by the juxtaposition of the bones, but by means of a rounded 
head on the posterior part of the body of each, which is received ; 

into a corresponding socket on the anterior part of the one 
behind it. The spinous processes, also, of the vertebrae of 
serpents being in general considerably shorter than those of 
most fishes, the motions of their spinal column are not only 
lateral, but in a great measure upwards and downwards 
also ; although some painters and statuaries appear to 
have a Httle overdone this matter, and to have represented 
flexures of the bodies of serpents where no countenance can 
be given to them by anatomy. There are limits, in this 
respect, beyond which we cannot allow even the sublime 
hand of the sculptor of the Laocoon to pass without re- 
proach. But although the motions of serpents are thus 
yeay similar to those of " the wandering eel" in its peregri- 
nations on the grass, the former has an assistance wHch vxrtebba of svslbsst, 
the latter has not, and one which appears to constitute a 

link in the transition of the spine, as an organ of locomotion, very similar to that 
constituted by the bristles of the aphrodlta, or sea-mouse, in the same transition in the 
invertebrate. This assistance is the ribs, which in serpents are, in fact, organs, not 
80 mueh of respiratiaDr-as is the case in most lizards, in birds, and in mammiferous 
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animals— as of progression ; and the raising or drawing forward of these ribs conesponds 
more to advancing a leg than to any other motion of animalfl famished with proper 
limbs. Not only, then, is the spinal column of 
serpents a means of helping them foi^^ards, but the 
ribs being at the same time drawn towards their 
head, the transverse plates on the lower sur- 
face of the body, with which they are connected, 
move forward, as it were, like so many feet, 
when the spine and the rest of the body are drawn 
forwards upon them. It is thus that the serpent 
fulfils the curse pronounced upon the first tempter, 
" Upon thy belly shalt thou go, all the days of thy 
life." It is the only " beast of the field " — ^in other 
words, the only terrestrial vertebrated animal — 
which does not employ legs as an organ of pro- 
gression ; but the transition, in this respect, from the 
serpent to those vertebrated animals in which these 
organs are both structurally and functionally most 
developed, is extremely insidious, and furnish an- 
other striking illustration of the axiom, that nature 
never advances by sudden leaps in her productions, 
and that she knows no chasms in the chain of creation. She haa given even to the 
serpent a kind of rudimentary legs; or, at least, arms, manifesting themselves in a kind 
of claws, situated in most species under the common covering of the body, but in some 
few projecting a little beyond it ; and in some kinds of lizards— the snake-Hsard, for 
example— the improvement in this respect is hardly appreciable. The legs of this animal 
aro scarcely less rudimentary than those of the serpents ; and, like the eaterinlLar among 
the invertebrate tribes, it probably advances, at least equally, by means of its spine, as 
by means of its legs. A further' step is gained in the case of the land salamander, 
which, like the centipede, uses its legs — ^which are considerably more developed than in 
the snake-lizard— more than its spine as an organ of locomotion ; but its legs are stOl 
almost as often tilted up into the air as resting on the ground, in the process of walk- 
ing, and it is not imtil we come to some of the higher tribes of lizards— as to those of 
insects in general— ^that we find the legs exclusively and unequivocally employed as 
instruments of progression. 

Some lizards, also, move up perpendicular sur£aces l^ a species of suction ; the soles 

of their feet, as in the gedco, being provided witli 
a series of soft plates, which, being drawn up at 
pleasure, produce the requisite vacuum. Other 
reptiles— as the tortoise— make progress on land 
by crawling, and the frog by crawHng and leap- 
ing ; others— «s the flying-lixard^-4ue their ribs, 
not, like serp^its, as legs, but as wings. In the 
water most reptiles use their legs as fishes do their 
fins; and some ofthem, as turtles, keep themselves 
afloat by a collection of air beneath their dorsal shield. 

Bixda.— When on land, the progression of birds is effected by dther walking as 
hopping on their posterior extremitieB only, birds beiog thd oaly proper h^eds among 
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!ihe lo-wer animals ; and they are enabled to keep themselves erect without effort, since 
their centre of gravity corresponds to the region where the anterior extremities are 
attached, owing, in. most birds, to the legs being directed forwards, and the toes more 
elongated ; but in some—as the penguin and the puffin 
— to the trunk of the body being placed almost verti- 
fcally. Birds are enabled to float in the water, owing 
to their specific gravity being in general less than that 
of this fluid, and hence they displace only as much of 
it as is equal to their own weight, according to the 
well-known hydrostatic law ; and they move along its 
surface by the action of webbed feet, the swan appear- 
ing to use its wings, in addition, almost in the manner 
of sails. But the characteristic organ of locomotion in 
birds is their wings, corresponding, in their more 
essential parts, as well with the pectoral fins of flshcs 
as with the forelegs of reptiles and quadrupeds, and 
the aims of man. The motions of these are effected by 
a mass of muscles, weighing more than all the rest of 
the muscular system of the animal, and arising jfroma pemquin. 

breast-bone of a larger size than is met with in any 

other class of animals ; the immense power thus acquired being no more than is neces- 
sary to enable them at once to support themselves in the air, and to move through it 
with astonishing velocity. The former they effect by continually renewing the column 
of air below them— and which must be displaced, in order to allow of their falling 
to the ground— more rapidly than this displacement can take place ; and the latter, by 
using their wings in the manner a£ oars, while the tail, at the same time, serves them 
as a rudder. In ^m way birds are known to have travelled at the rate of sixty , or 
even one hundred, miles 9n hour. 

Mammals.— To the motion of fishes in the water an air-bladder is essential ; but 
in the cetaceous tribes this organ, as one of locomotion, is superseded; since, when they 
desire to rise in the water, all they have to do is to strike a few smart blows with the 
tail downwards, when their heads are naturally carried in an opposite direction, and 
when they wish to sink, a few similar strokes with the tail in the upward direction at 
once serve to bury their heads beneath the water. A reference to the diagram (page 90), 
when viewed sideways, wiU at once give the explanation of this simple fact. 

The tail, being the chief organ 
of locomotion among cetaceous 
animals, is a most powerful in- 
strument; and accordingly, a 
ship's boat, when struck by the 
tail of the whale, may be di- 
vided, as by an axe, or buried 
beneath the waters. 

The downward and upward 
motion of the tail of the cetaceous 
fl-piTnala in swimming (attended, 
as it must be, with a correspond- 
ing rising and sinking of the iah. of the wham. 
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head as it adyances) gives to many of them, as they sport near the eui&uoe of 
the water, the appearance of revolving like a wheel, and has led to very false 
impressions respecting the fbrm of their hodies. The dolphin, accordingly, is always 
represented in ancient statues and bas-relie& as a being with a rounded head and arched 
back ; and there are few who see the animal for the first time that can reconcile the 
Klim and tapering creature before them with the blunt-headed, round-shouldered figure 
with which their fancy has associated it. Oenerally speaking, the muscles which move 
the tail downwards in the cetaceous tribes, are stronger than those which raise it ; and 
this is so much the case with the white dolphin, that, according to Pallas, it is accus- 
tomed to bend its tail under its body in swimming, almost like that of a boiled lobster ; 
but it is obvious that if the tail be held for an instant stationary in this position, while 
the body is advancing, the effect will be to depress the head, for the same reason that 
the continued inclination of the tail of fishes to the right side serves to turn the animal 
in this direction. During the whole sweep, however, that the tail is TnalriTig downwards, 
the head must incline upwards ; and this appears to be another means, in addition to 
their little specific gravity, by which these animals are enabled, with very little effort, 
to keep the top of their heads above the water. Their total immersion in this fluid is 
always prejudicial to them; and nature has therefore rendered it a forced state, not only 
by opposing difficulties to their descent, but by making their muscular motion to co- 
operate wilJi their lightness in bringing them again to the surface. 

Very few quadrupeds are capable of moving through the air-— the bat, the flying 
squirrel, and some species of lemur being among these, — and this they effect, not like 
the flying fishes 
and birds, alone 
by their anterior 
extremities, nor, 
like the flying 
lizards, by their 
ribs, but by wing- 
like membranes 
extendedbetween 
their anterior and 
posterior extre- 
mities, the mo- 
tions of both of '^^L ^ ^^'i 
which are requi- *^^* '^ ^ 
site to call them =^^ ^^^^"• 

into action. Quadrupeds in general use their upper limbs only in conjunction with 
their lower in the act of progression j but some few, as squirrels and apes, use them 
also as we do our arms, the arrangement of their skeleton being expressly adapted for 
the purpose. In standing, they use in general all the four legs ; and as the centre of 
gravity is thus preserved without effort, they easily sleep in this posture. Some few, 
however, as the kangaroo and jerboa, rest on their hinder legs alone, the centre of 
gravity falling in them almost perpendicularly ; but such also use their strong tails, lito 
another leg, to steady them. In climbing, some, like the walrus or the lizard, seem to 
attach themselves to any surface^, by forming a vacuum with the soles of their feet ; but 
the majority use their claws for this purpose, and these in some tribes, as the sloths 
and ant-eaters, are so long, that they arc almost incapable of walking on a horizontal 
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plane. Their maimer of performing the trot, gallop, and amble, we shall not stop to 
describe, but conclude this section of our work with a few remarks on 

Leaping. — ^The leaping. of terrestrial animals, from man down to the flea, consists 
of a sudden and forcible extension of the limbs, after flexion, from a medium which 
. ^ offers more or less resistance. The length of the body is thus 
suddenly increased; and as it presses on any unyielding 
medium, it is re-acted upon with a force equal to that with 
which it presses, and an impulse is accordingly thrown into 
it, sujQicient to detach it, and project it to a greater or less 
distance. But while the process is of course very much flEicili- 
tated by the fulcrum being Arm and elastic — a fact well 
known to opera-dancers and vaulters by profession, who com- 
monly use spring-boards to assist them in their bounds— 
it cannot be effected by terrestrial animals from the water, 
nor eyen from soft, boggy ground, unless their bodies be very 
light, or their feet very broad, because the points by which 
they in general press upon their fulcrum, compared with the 
weight of their whole body, namely, the extremity of their 
legs, are so small as to be resisted only by the very narrow 
colimms of this fulcrum, which therefore, instead of re-acting 
upon them, immediately give way to the pressure which they 
sustain. Such, however, is not the case with flshes, the 
broad flat part of the tail of which, or, if the tail be tapering, 
at least the broad flat part of the body which leads to the 
tail, is brought directly to bear upon the water; so that a 
very considerable colimin of resistance, in proportion to the 
whole bulk and weight of the anima.!, is called into re-action. 
Nor is it peculiar to flshes to employ 




their tail in the process of leaping ; somo 
quadrupeds, as the kangaroos, using 
deir tails, in conjimction with their very 
Idng hind legs, to assist their bounds. 
Th&s they not only employ an additional 
limb, the sudden extension of whicn, 
after flexion, adds to their impulse ; but, 
pressing with an additional joint upon 
the fulcrum, they thus diminish any ten- 
dency which it may have to yield to the 
pressure which they impose upon it. 
Both in the kangaroo and the jerboa, or 
jumping rat, and also in the hare, rabbit, 
squirrel, and others, the muscles of the 
hind legs are also greatly developed, 
i|L order to give the force necessary to 
effect their extended leaps; whUe the 
fore feet, which are little employed in 
locomotion, are comparatively much 
smaller and shorter. In ascending a 
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bill thifl arrangement is Tery beneficial, though it greatly impedes tiiese animals in 

descending one at a rapid pace ; thns they seldom attempt to ran down a biJl in a 

_ straight line— their course is generally dii^onaL 

^^SK^/tttf^^ ^^^ insects, also, use their tail in leaping. This 

« ^^P^^H|hl^ is the case witi^ the velyet spring-tail, which 

^.rfii^^^^BBHfc^ leaps, by jerking its tail downwards from under 

I^^VJI^^^^ its body, in the same manner as the grasshopper, 

/'^^^^QHIp ^® froghopper, or the flea, by jerking down its 

f \ legs; that is to say, by suddenly extending them, 

PODUKA. ^®^ *^®y ^^® ^^^^ brought to a state of full 

flexion. 

Wonderful as may be the leaping of fishes, and much as the bounds recorded of these 
animals exceed those which man is capable of making, they fall yery short of what 
we witness eyery day in insects — ^the grasshoppers and fleas, for example, being capable, 
with ease, of springing some hundred times their own length. Looking at the com« 
paratiye lightness of these animals, howeyer, and the fiiyourable nature of the ful* 
crum on which they rest in making l^eir springs, it is by no means certain that they 
employ more muscular power in their yaultings than fishes ; while, on the other hand, 
it is pretty clear that they do not in general exercise them with anything like so definite 
a purpose, or so much precision. 

It would be improper to leaye this subject without remarking, that while some 
inyertebrate aquatic animals— for example, the cuttle — are enabled to leap out of the 
water by the sudden extension, after flexion, not of their tails, but of their numerous 
arms or other processes from their bodies ; otiiers — for example, the oyster — effect the 
same action by suddenly bringing together the yalyes of their shells, by a strong 
muscle situated near the hinge, by which means a portion of the preyiously-contained 
water is rapidly expelled, and made to bear downwards upon that in the immediate 
yicuiity of the animal, which, re-acting of course upon the sudden pressure, communi- 
cates an impulse which forces it aboye the surface. The feats of the oyster, however, 
in this way are very insignificant, and it is not easy to say for what purpose they are 
performed. 

In conclusion, we would briefly remark, that so nicely and admirably are the 
organs of locomotion in quadrupeds adapted to each other, that an anatomist, from 
the inspection of any one bone of the yery many which compose the skeleton — ^in man 
no less than two hundred and forty-six — is enabled to in^ar the general fonn and 
relations of all the rest, as well as of the ligaments which connect^^ and tbe bhucIm 
which move them. Nay, more : — so intimately does the structure of this sheU^ aa it 
were, of the body correspond with that of the internal parts, that from this one bone 
he may almost giye a description of every organ of the animal— of its propensities and 
its habits. Can this correspondence be Hie work of a blind chance ? or does is imply « 
imity of design, an extent of benevolence, and a vastness of power, iodioative oi a 
ruling Providence— the Architect aHke of the star of tlie firmamoit, and of the mito 
which plays in the sunbeam—- whose hand is traoed equally in tiie immoositieB of 
ma^tude and of minuteness — ^the Almighty Fa&er of the Unirone^ and of errery 
thing that astounds and delights us in its constmctioa ? 
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Benamm of Animals^ — ^The next fbnotion x>f wluch we haye to speak is Sensation ; 
and it will be conyenient, in the fiist place, to deyote a few pages to a short description 
of the senses in particular, and of the seyeial organs by which, in different animals, 
Oke functions of .smell, sight, hearing, taste, and touch, are respectiyely performed. 
We shall then pass to a general yiew of Sensation, Emotion, Instinct, and Thought ; 
and conclude our subject with an account of Voice and Speech in Man, particularly as 
distii^uished from the cries, song, and buzzing of inferior animals. 

ftn e lL — ^In quite the lowest orders of animals the organ, if any, specifically appro- 
priated to smell is in general yery obscure, although some of them in which this is the 
oase^the cuttle, for exanq>le — display this function yery remarkably. It is, perhaps^ 
in most of them, merely a modification of touch, and peiformed equally by eyery part 
of the surface of the body. ^ In^ the snail the seat of smell has been commonly con- 
sidered to be the short 
feelers ; but apparently 
without any good reason. 

Insects in general 
smell yery acutely ; and 
in them the seat of this 
function has been at dif- 
ferent times supposed to 
be their stigmata, or air- 
holes, their palpi, or 
commonly -reputed or- 
gans of taste, and their 
antennso, or organs of 
touch in general. In the 
crustaceans, as the cray- 
fish and lobsters, which 
are among the few of this 
order that haye a suffi- 
ciently obyious ol&ctory 
nerye, it is manifestly 
their smaller antennae, at 
the root of which the 
nasal cayities are situ- 
ated. In these animals, 
howeyer, as well as in 
all aquatic animals, smell 
is rather a modification 
of taste than a distinct 
function, the yehicle of 
the impression being not 
air, but water. Such is 
also the case in fishes; 
in them the nasal cayi- 
ties are situated, in gene- 
ral, on the sides of the 
snout, and are lined by a plaited membrane, sometimes not unlike the teeth of a cemb, 
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for the distributioiiof ih.epn>pa aerre. The distsBce at wliich lome fiaiies seeat tiieir 
prey is immense ; and they are so aeately sensible of odoions bodies, thai die very 
perfection of tbe function is often, fatal to them. Some kinds of fish are so stzongly 
allured by aromas, that by smearing the hand oyer with them, and immetsing it i& 
water, they will often flock towards the fingers, and may be easily taken. In all fishes, 
extemaL openings, or nostrils, are yeiy apparent. They generally constitate, it is tme^ 
only blind sacs ; but their inner snrfiiee is of eonsiderable extent, and npon their lining 
membrane, a pair of large nerves, analogous to the olfu^ry nerves of maOf are 
distributed. 

In reptiles, the nasal cavities haye both an internal and external opening ; the 
former being, in frogs, turtles, and serpents, in the palate ; but in lizards, in some of 
which, as the crocodile, they are exceedingly long, in the pharynx, or muscular bag, at 
the back part of the mouth. Most reptiles, also, haye a kind of a moyaUe lid at the 
aperture of their nasal cavities, by which they close them when under water ; this 
medium being apparently but ill-adapted in tiiem to the function of smelL The proper 
yehicle of the impression in reptiles, as weU as in birds and mammiferous animals, is 
air ; and this the former draw through tl^ir nasal cavities during inspiration, effscting 
the operation by depressing their lingual bone, and thus enlarging the cavity of the 
mouth. 

In birds, the nasal cavities are in general yery large, their external aperture being 
in the upper mandible, and their internal in the pharynx. The oUiactoty nerve is yery 
large in camiyorous birds, and its great size, together witli the great length of the nasal 
cayities, serve to eiq[>lain the immense distance at which some of them — ^the yulture, 
for example— are known to scent cairion : it is said to be capable of doing this oyer the 
whole breadth of the Mediterranean ! 

The nasal cavities of mammiferous animals run in general horizontally ; but in the 
cetaceous tribes their direction is perpendicular, the enter opening being at the top 
of their heads. Many a.nimalfl of this kind — as the porpcnse, the whale, and the narwal 
• — are generally regarded as destitute of smell, since they haye no proper olfactory 
nerve ; and certainly the hard and dry lining of their nostrils, like that of the proboscis 
of the elephant, is apparently yery little adapted to this sensation. The projecting 
bones, by which the nasal cavities are, in most animals, more or less divided, are, in 
quadrupeds, extremely complicated, being, in most herbiyorous species, both yariously 
conyoluted, and pierced sometimes like lattice- work, and, in most camiyorous, lamel- 
lated like the leayes of a book — a structure calculated, by increasing the surface, 
together with the great length in general of their snout, and the large size of their 
olfactory nerves, immensely to increase the acuteness of their smell. The ^* intellectual 
noses," as they are called by Lord Byron, of dogs are proyerbial ; and the distance from 
which many other quadrupeds, particularly such as are camiyorous, are sometimes 
attracted by the smell, is wonderful ; white bears, for example, being found to come 
swimming to the Greenland ships, when a whale is cutting up, from all quarters, and 
far out of sight. Some quadrupeds, as the hog, the peccari, and the tapiiv-haye a 
remarkable power of moving the extremity of their snout ; but this is probably less for 
the purpose of smell than for that of burrowing, &c., their snout being to them, as its 
proboscis is to the elephant, a kind of hand. 

In man, the sense of smelling is performed by means of a soft pulpy membrane, called 
the Schneiderian membrane, full of pores and smaU yessels, and lining the whole internal 
cavity of the nostrfls ; it is thickest upon the septum, or partition between the nostrils, 
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but thinner in thje sinuses, or cayities, hoUcwed out in the bones about the nose. The 
zxeryes of the nose being almost naked, require a defence from the atmospheric air, whieh 
is continually drawn through the nostrils, and blown out again by respiration. Nature 
lias, therefore, supplied this part with a tibiick insipid mucus, very fluid in its first sepa- 
ration, but, by the air, condensed into a thick, dry, aud more consistent crust. By this 
mucus the nerves are defended from, drying and from pain. It is poured out from many 
ismall yessels, and deposited partly into numerous cylindrical pits, and |>artly in the 
round visible cryptse or cells scattered all over the nostrils. This mucus is accumulated 
in the night-time ; but in the day it either flows spontaneously, or may be more power- 
fudly expelled by blowing the nose. By becoming dry and harsh, it irritates the very 
sensible nerves of the lining membrane, and is then removed by sneezing. The tears 
descend into the nose by a channel proper to the muscles, and moisten and dilute the 
mucus. 

Sight* — ^With respect to sight, it is equally doubtful, as with respect to smell, 
whether there be any specific organ for this function in quite the lowest tribes of 
ar^imalfl ; although some of them, as' the armed polype, the sea-feather, and some coral- 
lines certainly do see, or at least are capable of distinguishing light from darkness, the 
former being always found to move towards the light, and the two latter from it. It is, 
however, probably by a kind of touch that they do this, rather than by sight, properly 
so called ; and of this the numerous papillae on the surface of the body may be presumed 
to be the chief instruments ; so, also, the first appearance of distinct organs of vision is 
that of stemmata, as they are called, or small knobs, more or fewer, projecting from the 
surface of the body, as is the case in the leech ; and what are regarded as the eyes of 
the snail, are little more than similar knobs, placed at the extremity of their long 
feelers, and capable of being retracted by the muscles of the latter, into which they 
descend, as into the inverted fingers of a glove. Organs of this kind may serve, indeed, 
to distinguish be- 
tween light and 
darkness ; but it 
is impossible that 
they can convey 
any impression of 
distinct images 
of objects, since 
they have not the 
conditions neces- 
sary to produce 
such refractions 
of the rays of 
light as are essen- 
tial to this end. 
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ra- 
ninflft l q of this de- 
scription which 
are provided with 
proper eyes, is 

the cuttle-fish tribe, in which those organs are very large and prominent. They consist 
essentially of a dense opaque globular membrane — the sclerotic coat— filled with a 
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transparent fluid, enveloping a small lens, and smeared on its concaye side with a lilack 
pigment, the use of which is to absorb the superfluous rays of light, and immediately 
under which lies the retina or expansion of the optic nerve. This membrane is per- 
forated anteriorly by a kidney-shaped pupil, through which the rays of light are 
transmitted to tilie retina; and over the whole is extended a second membrane, so 
folded on itself, as to constitute a kind of eyeHd. 

Similar to the stemmata of some worms are what are called the simple eyes of 
insects ; and such are alone foimd in the spider and scorpion : they seem to be organs 
rather of touch than of sight, although they have been presumed by Blumenbach to 
serve to digtit^giiiab near objects. Very different from these are the so-called compound 
eyes of insects, such as are met with, without any simple eyes, in the beetle and 
butterfly ; while others, as the bee, have both. They are for the most part extremely 

B large ; varying, however, between 

about one-sixtieth and one-fourth 

part of the weight of the whole 

^WS ^gHM^^^^gig^gJRgg^ \jmr#l/ body. Their structure is eminently 

JWpi^^^^KS^^ consisting, as they do, 

iSflr ^WlhttS^FsaZ ^^^^^ vAP^ iiot 0^ coats and humours, but prin- 

VV ^ ss^b^ \ \rz/ .^tfa ^ cipally of a series of pyramids of 

nervous substance connected toge- 
ther, the apices being on Ihe bul- 
bous extremity of the optic nerve, 

HEAD AND KYSB ur xuJt akjs. axt-i. •..-lJ'UV 

, antcim»; A. facets enlarged; B, the same, with hairs and the bases, invested^each by a 
growing between them. thick transparent membrane of a 

hexagonal shape, at the circumference of the eye. This membrane, presenting thus 
numerous facets, which look in every direction, is called the cornea, and seems to be in 
insects the only instrument of refraction, the images of objects being most probably 
impressed, by this means, directiy on the base of each pyramid, which is thus a kind of 
distinct eye. They have no lens and no pupil, or rather the whole surface of the cornea 
is one large pupil, there being no opaque coats to render a proper pupil necessary ; and 
they are destitute both of eyelids and of muscles to move the eye, the numOTOu's direc- 
tions of the facets of the cornea rendering the latter superfluous. How strikingly 
different is this description of eye which characterizes insects which fly, and require 
therefore an ample field of vision, from the simple eye found in the grovelling kinds, 
which either do not see, strictiy speaking, at all, or certainly only quite contiguous 
objects I Further, in insects which fiy by night, like the moth, there is, in place of the 
black pigment lately mentioned as foimd in the cuttie, a substance of a resplendent 
green or silvery colour, serving not to absorb, but to reflect the rays of light ; and thus 
enabling them to see by a much more obscure light than would otherwise have been 
necessary. 

Among vertebrate animals, fishes have an eye somewhat similar to that of the cuttle ; 
consisting essentially of a spheroidal sclerotic coat, containing the chief humour of the 
eye, a lens which, as in the cuttle, is almost globular, and a retina, which is often 
plaited, as it were, into numerous folds, arranged like the meridian lines on a globe. 
They have, however, in addition, a proper cornea like insects, presenting, not indeed 
numerous facets, but one uniformly convex surface, although the convexity is very 
slight ; and they have ftirther, what insects have not, a perfectiy formed iris, or circiilar 
curtain, placed before the lens, in which, and not, as in the cuttle, in the sclerotic eoat, 
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the pupil is situated. The rays of light accordingly traveise, in Uiese animals, first the 
transparent cornea, and afterwards, in order, the anterior portion of the humours of the 
eye, the pupil, the lens, and the , posterior portion of these humours ; by all which, 
except the pupil, thej are more or less re&acted, till they are at length brought to a 
focus on the retina. The chief peculiarity, in the eyes of fishes, as contrasted with those 
of the superior tribes of animal s, is the comparatiye flatness of their cornea, and cbn- 
yezity of their lens ; it appearing to haye been the object of nature to. e£Eect the neces- 
siary refraction of the rays in them principally by the latter ; the iris, moreoyer, in 
fishes, is almost entirely motionless, so that the sice of their pupil is always nearly 
the same. In general they are destitute also of proper eyelids; the eyeball 
moving behind the common integuments— to which it is attached by yery relaxed 
cellular tissue— as behind a piece of thin glass or hom. In some few fishes, how- 
eyer, as the sun-fish, Cuyier has found a j:egular circular eyelid, the opening in 
which is contracted by a sphincter, and expanded by fiye radiating mus6les. The 
direction of the eyeballs is usually outwards ; but in some few fishes, as the star-gazer, 
it is upwards; and in the plaice, flounder, dab, halibut, turbot, &c., the eyes are placed 
both on one side of the body — an isolated instance, according to Blumenbach, of a want 
of uniformity in such organs. The object, howeyer,.of such an arrangement in this 
instance is obvious, for as these animals, destitute as they are of an air-bladder, are 
destined to continue always with one side in the mud at the bottom of the water, an 
eye on Hub side would haye been superfluous to them. The most singular situation of 
the eyeball, howeyer, is that of the Surinam sprat, the orbit extending in this fish so 
far above the head, that the eye, as the animal swims near the surface, is partly in and 
partly out of the water; and all its parts correspond with this strange, structure, the 
pupil being partially divided into an upper and a lower portion, and the lens cotisisting 
of two globes, an upper and a lower one, attached together. It appears that, the 
superior part of the eye is, like that of terrestrial animals, adapted to refiract rays trans- 
mitted by air, and the inferior part, like that of aquatic animals, those transmitted by 
water ; and that the re&acting power of the several parts of the eye is accordingly much 
less above than below. It remains only to remark, that in some fishes, as the skate and 
shark, there is, as in insects that fly. by night, a resplendent substance at the bottom of 
the eyeball, instead of the black pigment which is usually found there ; its use being 
rather to increase than diminish tlie number of xays which fiEdl upon it. 

The eyes of reptiles in general do not differ materially from those of fishes, except 
ihat they appear to possess the power, of whjlch those -of fishes are destitute, of adapt- 
ing themselves to refract rays as transmitted eitiher by air or by water. We have already 
hinted, when speaking of the singular eye of the Surinam sprat, that the refracting 
power required is different in these two cases, as any one may satisfy himself by 
attempting to distinguish minute objects placed in ' water, witli his head likewise 
immersed in this fluid. The reason that he cannot do this, is because,' though there is 
a sufficient difference between the density of the humours of his eye and that of the air, 
to bring the rays transmitted; by the latter to a focus on the retina, there is hot a sufficient 
difference between the density of these humours and that of water, to do the same by rays 
transmitted through this fluid, so that such rays are not brought to a focus sufficiently 
soon. Henee, divers in some places are in the habit, when they descend into the water, of 
using extremely convex glasses, in shape almost like the lens. of fishes, and turning their 
eyes, by this means, as it were, into those of an aquatic, animal. But how do reptiles 
maoAge this? Not by using spectacles, nor by increasing thedensity of their humouzs; 
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bat Irjr increasiiig tbe disteoM between the ooniea and retina— ^hidi tley eflbct byoom- 
pressiDg the globe of the eye by proper musdes giTen to them for that puipose — so that 
the rays which, item the defsctiye refractiag powers of their humoars, would have other- 
wise formed a focus beyond the retina, now form a focus ttpon it. When again in the air 
they relax these muscles, and the retina again approaching the cornea, stUl receives the 
focus of the rays, which, as passing now through air, are sufficiently refracted for the 
purpose. Whether we regard, then, the heart and blood-yessels, the res pir at ory organs, 
or those of the senses, in these tribes, we trace equally distinctly the main object which 
nature had in view in their construction. The motions of the iris in reptiles— now for 
the first time perceptiHe-'are still extremely languid, and the form of the pupil ia very 
various, being rhomb-«haped in the frog, vertically oval in the crocodile, ^e, } but this 
probably makes no differenee in the phenomena of vision. With respect to eyelids, all 
reptiles are furnished more or less perfectly with these, except serpents, which, in being 
destitute of proper eyelids, resemUe most fishes. The direction of the eyeball is, as 
in most fishes, commonly outwards *, but in the crocodile it is, as in the star-gazer, a 
little upwards as weU as outwards, obviously for the purpose of enabling the animal to 
see its land prey, as it floats leisurely just beneath the surface of the water, Eeptiles 
have also, all of them, again excepting serpents, another organ which all fie^es want, — 
namely, a lachrymal gland, the secretion from which serves to bedew the anterior part 
of the eye with moisture, and thus to facilitate the motions of the eyelids. Buch an 
organ would evidently have been quite superfluous in fishesy which are always under 
water; but it is particularly necessary in amphibious animals, which, when oai land, 
must furnish from their own resources a fluid so abundantly supplied to them when in 
the water from without. This gland is accordingly of immense size in turtles ; and 
the aUusion to crocodile's tears, as flowing easily and copiously, is familiar to every* 
body. 

The eyes of birds are r^narkable principally, like the compound eyes of insects, fbr 

their great size, the use of this being in both the same — ^that of enabling them, when 

on the wing, to see objects at a great distance. With respect to the cornea and* lens, 

they are dkecUy opposed to those of fishes ; since, while the cornea is comparatively 

a.^\ ^^^^ fl«tt Mid the lens almost globular in fishes, in birds 

eJML ^^ mSnh ^^ cornea is remarkably x^cmuient, and the lens haa 

i^^^Sa^ C^«Blpl ^ery little convexity. The motions of the iris in most 

^^■^^^ VJMBIgV Inrds are extremely ra]^d, and in some apparently 

Jp ^mm^ volimtary. The pupil is in some, as the dove and 

ijiTMiALAKDFui.LTirwoFBTBBAtL *^ goosc, trausvcrsely oval, while it is verti 

OF OWL. catty oval in others: generally speaking: indeed. 

a, very convex cornea ; 6, sclerotic ^ -T .^_ , t_ • t t.* • i 

cout, sorrounded at c, by bony it has the former shape m herbivorous animals, 

V^^s* whether birds or quadrupeds, and the latter in cami- 

voroos. AR birds have proper eyelids, the lower of which alone is movable; and 
they have, in addition, another membrane called membrana nictitans, which is merely 
a movable fold of the external membrane of the eyeball: it is not quite proper to 
birds — being found also in some fishes and reptiles — but it is most remarkable in them. 
With very few exceptiona— the owl among others— the direction of the eyeballs is^ in 
birds, outwards. Buch birds also, as well as insects and fishes, as go in search of their 
prey by night, like the owl, have a shining substance at the bottom of the eyeball, for 
the purpose already alluded to. In some birds with piercing sight, as the fidcon and 
crane, the flattened optic nerve has one of its surfaces folded into numerous plaits, 
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bearing tlie same relation to the other as the leaves hear to the baok of a book ; and the 
extent of surface thus gained may be easily imi^iiied. 

Among the mammiferons animals, the cetaceous tribes, as we should expect from 
their habits, haye eyes very similar to those of fldies; the cornea being compara- 
tively very flat ; and the lens almost globular, while they are destitute of proper eye- 
lids — a kind of membrana nictitans alone supplying their plaoe^and of a lachrymal 
gland. In the other tribes, the comparatire conyezity of the cornea and lens is inter- 
mediate between that of these organs respectiyely in fishes and birds ; while the motions 
of the iris are the mean, as it were, of those of reptUes and birds : in some quadrupeds, 
moreoyer, as the cat, they seem to be in some degree yolimtary. The form of the 
pupil is tnuuryersely oyal in the pecora and solidungula, and yertically oyal in the Fene. 
The direction of the eyeballs is in most mammiferons aTiimnlfl outwards; in the ape, 
howeyer, baboon, monkey, and some few others, it is, as in man, directly forwards : 
farther, in some quadrupeds, as the camel-leopard, the eyeball, though naturally 
directed outwards, may be turned so far backwards as to enable the animal to see dis- 
tinctly behind it. Like the nocturnal animals, also, of other tribes, quadrupeds which 
prowl by night, such as the lion, lynx, cat, bat, &c., have the structure as 
already more than once described, calculated to enable them to distinguish objects in 
comparatiye darkness. On the other hand, where the habits of the animal are such as 
to exclude it altogether from the light, as no structure of the eye could have compen- 
sated for the want of this essential condition of sight, nature has denied them a visual 
apparatus altogether— as in the case of the mole, which has no optic nerve, and an eye 
so smaU, that its existence has been doubted ; but whatever be its size, in all animals 
the eye is a perfect optical iostrument, and admirably adapted to the circumstances in 
which each species is placed. We know it to be composed, as we shall hereafter see. of 
membranes and humours of different densities, so that they may transmit and lefract 
the rays of light with the greatest regularity and exactness. In the eyes of all ani- 
mated beings, we see the wisdom and beneficence of the Creator. If the animal dwell 
in water, the cornea is flat, and the lens spherical ; if on the surfieujo of the earth, we 
find, on the contrary, the cornea more' projecting, and the lens more flat ; and again, if 
it wing its airy flight above us, its cornea is the most projecting, and its lens the flattest 
ofaU. 

Bearing. — In the very lowest tribes of animals it appears that this function, like 
those of smell and sight, is merely a more delicate kind of touch, and performed equally 
by the whole surface of the body. The greater number of animals of this description 
have no obvious auditory apparatus, the cuttle being among the few exceptions, and 
furnishing perhaps the best example of an ear in its rudimental state. In this animal 
it consiBts merely of a membranous bag filled with liquid, situated in a tubercle of the 
cartilaginous ring which surroimds the gullet, and surrounded on all i^des by cartilage. 
Upon the outer surfeu^ of this bag is distributed the auditory nerve ; while, within the 
liquid which it contains, are some little pieces of earthy matter, presumed to be neces- 
sary to render the vibrations of the liquid, on which sound depends, BufS,oiently forcible 
to make the requisite impression gd. the nerve. 

In the greater number of insects, also, the auditory apparatus is very obscure ; 
although it is certain that they do hear, and even very acutely. The immeddlite seat of 
the function has been presumed to be the membrane which connects their antennss with 
the head — but spiders hear which have no antenn», and grasshoppers after these have 
been removed. In all likelihood, it is, in the majority of insects, merely a variety of 
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touch, and oommoii, therefore, to the greater part of the sinfEuse. In such animalH m 
present any appearance of a distinct auditory apparatus, as the crayfish, it is very simi- 
lar in its stnK^ture to that of the outtle ; consisting, in like maimer, of a hag filled with 
liquid-^tuated, in this instance, in a bony cylinder at the root of the larger antemisB — 
an auditory nerre expanded upon it, and some pieces of earthy matter in the liquid 
which it contains. Li the cray-fish, howeyer, unlike the cuttle, the bag in question is 
not surrounded on all sides by the hard mass which contains it, but is near the suxfiice 
of the body, in contact with a thin membrane— the first approach to the external parts of 
the auditory apparatus, as met with in the higher tribes of animals. 

Nor is ike auditory apparatus of most fishes much less simple than that of the inver- 
tebrate animals. The membranous bag, howeyer, aboye spoken of^ is connected in 
general with three semioirculaT canals, of a similar structure, and famishing more space 
for the distribution of the auditory nerye ; and the earthy pieces, within the liquid con-- 
tained in this bag, haye begun to assume the appearance of regular bones. Still, in 
most fishes all these parts are buried within the skull, and send no process to the 
surface ; in some of the cartilaginous tribes alone this bag being prolonged to the upper 
and back part of the head, where the blind termination <^ it is coyered by the common 
integuments of the body. One fish aloneMhe lepidoleprus trachyrynchua— -presents 
any appearance of a canal, proceeding from the surfiioe to meet the internal parts, as in 
all animals aboye the rank of reptiles. But the extreme simplicity of the auditory 
apparatus in fishes and other aquatic animals, is precisely what we should haye looked 
for in beings destined to hear through the medium of water ; the yibrations of which, 
being so much more powerful than those of air, would render the complicated apparatus, 
requisite in terrestrial animals, in them superfluous. 

Accordingly, it is in reptiles that we meet with, for the first time, more or less con- 
stantly, not indeed a canal leading £rom the side of the head towards the eai^-which 
none of them haye~but one leading £rom the back of the pharynx, to form a cayity, 
interior to which all the parts already described are situated. This cayity is called the 
tympanum, and contains more or fewer distinct bones, moyed by proper muscles, and 
serving to increase the impulse deriyed fix>m the yibrations of the air, and to conyey it 
to the internal parts, which now take the name of labyrinth. Some additions, also, are 
now made to this ; for, besides the three semicircular canals, already described as 
branching firom the common bag in one direction, there is now a second series of canals, 
of a yery complicated structure, called cochlea, branching in one another, and affording, of 
course, still further space for the expansion of the auditory nerye. It is true these parts 
are not common to all reptiles ; serpents, for instance, haying no tympanum— although 
they haye a small bone, analogous to those which, in other reptiles, are situated in this 
cayity, but which, in serpents, is lost in the muscles of the jaws— and none but some of 
the highest orders of lizards, as the crocodile, haying a cochlea. The last-named 
animal, moreoyer, makes the first approach to the well-known appendage to the ear, 
technically called the pinna ; being furnished with a kind of external flap, with which 
it closes the auditory apparatus at pleasure. It is in this way, probably, that the animal 
excludes too intense sounds when under water; but it appears that the greater number 
of amphibious animals are capable of adapting their auditory apparatus, at least par- 
tially, to the medium in which they are, by putting all the parts upon tiie stretch, by 
means of tiie muscles already spoken o^ when in the air, so as to qualify them to receiye 
slighter impressions, and by throwing them all into a state of relaxation when under 
water, so a« to preyent them firom being stunned by more powerful ones. 
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In birds at length we meet with constantly a short canal, leading from the side of 
the head, and meeting that coming from the pharynx, in the tympanum. They haye 
but one bone in this cavity ; and the general structure of the parts of their labyrinth is 
yery similar to that of the higher orders of reptiles. Birds in general want a proper 
pinna, or ear-flap, its {dace being commonly supplied by a small tuft of feathers : the owl, 
howeyer, has something yery similar to this part as found in mammiferous ftTiimnla , 




XABS OF BIBIM. 

a, Peregrine Falcon ; h, Day owl; c, Tawny owl ; d. Long-eared owl ; «, Bam owL 

The auditory apparatus of the mammalia is in general little more than a greater 
development of the same parts as are found in birds. The bones within their tympa- 
num are from two to six in number ; and all have a pinna except the cetaceous tribes — 
in which it would have been superfluous, from the vibrations of water being too strong 
to require to be collected by this means— and some others, which either dwell much in 
the water, as the shrew, or burrow under ground, as the mole, in which, for an obvious 
reason, it is stUl less called for. The shrew, however, is provided with a kind of flap, 
like that of the crocodile, the principal use of which seems to be, so fSeur from increasing 
the intensity of the impression, to diminish it when the animal is under water. The 
great size of the pinna in some quadrupeds, and the frequency and rapidity with which 
they move it in any direction, are fEimiliar to everybody; and may well account, in 
conjunction with the complicated and delicate structure of the internal parts of the ear, 
for the extremely acute hearing which they enjoy, and which is so necessary, in many 
instances, to their security. Hence, a frequent and rapid motion of the ears is, in all 
animals, with justice regarded as indicative of a timid disposition. We do not here 
allude to the organs of sight and of hearing in man, since their description will more 
appropriately fall under our treatises on Optics and on Acoustics. 

Taste is certainly, not only in the lower, but in all tribes of animals, merely a 
more delicate kind of touch ; and is situated, for the most part, not exclusively in the 
tongue, palate, or any other individual organ, but in the whole interior of the mouth. 

Although, therefore, in many animals, as the snail, cuttle, and fishes in general, as 
well as in some individuals of the superior classes, the tongue is hard and cartilaginous, 
and apparently very little adapted to this function— nay, although it is, as in the flying- 
fish and gar-pike, altogether wanting — ^we have no reason to believe that they are desti- 
tute of taste ; and the same thing may be said of the numerous animals in which the 
tongue is covered, more or less perfectly, with prickles, or oven with feathers, like the 
toucan, or scales, like one kind of bat, which must, in a great measure, obviate the contact 
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with it of 8apid substances. The immediate instroment of taste seems to be certain 
pointed projections, called papillss, with which the whole membrane lining the mouth 
is more or less abundantly furnished ; and that organ will be, of course, in all animals 
the principal seat of this function, on which these papillae are most copious. In man 
this is the tongue, l^e papill® of which are larger and softer than those of the skin, 
perpetually moist, and performing the office of touch more exquisitely than the small 
and dry cutaneous papilleB. In the greater number of animals, also, it is unquestionably 
the tongue ; and this organ is in some, as the bee and hum- 
ming-bird, rolled into a sucking-tube, and therefore not only 
subservient to taste, but also to imbibition ; and, accordingly, 
when the Ups take the same form, as in the wared whelk, and 




STTCKnrO TUBX OP KSMESTBIKA L0NQIB0STIU8. 

various kinds of fly, we may presume they are an organ, not 
only of imbibition, but of taste. Acuteness of taste seems to 
be much promoted by a copious flow of saliva, by which the 
sapid particles are dissolved ; and it may be presumed, there- 
fore, that it is much greater in the herbivorous than in the carnivorous birds and 
quadrupeds, as indeed the necessity which the former are under, but from which the 
latter are exempt, of distinguishing wholesome from deleterious herbs, would seem to 
require. Carnivorous animals, on the other hand, are directed to their food principally 
by the smeE. 

Touch— the most general of the sensations, and of which all the rest are perhaps 
only varieties— is, collectively speaking, the whole surface of the bodies of animals ; 
although it is in each much more delicate in certain parts of this surface than in others, 
owing to the greater niunber of papillse with which they are furnished, and which are 
generally the immediate instrument as well of touch as of taste. The common integu- 
ments of the bodies of animals in general consist principally of the scarf-skin or cuticle ; 
a substance immediately below this, called corpus mucosum, of which the nails and 
hairs are merely modifications ; and the true skin or cutis, the seat of the papiUae in 
question ; and there are few animals, even of the lowest tribes, which have not all these 
envelopes in one form or another. In the armed polype indeed, the sea-blubber, the 
slug ^e earth-worm, and many similar animals, the cuticle takes the form of mere 
mucilage ; while in the corallines, on the other hand, it assumes that of a calcareous 
mass, by which their bodies are invested. In others, again, it is the corpus mucosum 
which gives th6m their earthy covering, a proper cuticle being found exterior to it, as 
in the sea-urchin, the star-fish, and all the testaceous tribes : the sharp prickles, also, 
on the shell of the sea-urchin, as well as the hairs of the earth-worm, and numerous 
other animals of this tribe, are merely modifications of the same substance. A proper 
cutis seems, indeed, to be wanting in the corallines, as well as in some other animals of 
quite the lowest orders ; but in the testaceous tribes, as the oyster, the cloak is probably 
a modification of this part, and it is accordingly upon this, or some corresponding organ, 
that the tentacula, or immediate instruments of touch, are commonly met with. The 
perspiration from the surface seems to bear the same relation to touch as the saliva 
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bears to taste ; and there are, therefore, fexr aniTnals which do not perspire in one form 
or another. In some of these tribes, as the sea-blubber, the perspired matter is said to 
be luminous ; and it is to this cause that the sparkling appearance of the sea by night 
in some places has been attributed. 

In insects, the cuticle is always membranous; while it is the corpus mucosum 
which constitutes their homy or calcareous sheaths, and forms, also, in some, as spiders, 
flies, gnats, bees, and butterflies, the fine hairs, feathers, or scales, with which they are 
in certain parts inyested. The proper cutis, again, is below this, constituting, in the 
lobster, for example, its membranous pellicle. This part is, however, so completely 
defended, for the most part, from the contact of external substances, that to most insects 
are given in addition antennas, palpi, ciirhi, &c., called in general feelers, situated 
commonly about the mouth, and the chief seat, in them, of the function of touch. 




▼ARIOVSLT FOKVBD AMTSMKiB OP IVVkCTS, 

The cuticle is membranous also in fishes, and immediately invests their scales, as 
well as the bristles of the stickleback, the tubercles of the sturgeon, &c., all which are 
formed by the corpus mucosum. Under this is the cutis. 

Not only are the smeU and taste of fishes very acute, but their touch not less so 
than that of animals in general. It is astomshing, however, what an extreme degree 
of heat some fishes can bear. In the thermal springs of Bahia, in Brazil, many small 
fishes were seen swimming in a rivulet which raised the thermometer eleven degrees 
and a half above the temperature of the air. Sonnerat found fishes existing in a hot 
spring at the Manillas at a hundred and fifty-eight degrees Fahrenheit; and Humboldt 
and Bonpland, in travelling in South America, perceived fishes thrown up alive, and 
apparentiy in health, from tiie bottom of a volcano, in the course of its explosions, along 
with water and heated vapour that raised the thermometer to two himdred and ten 
degrees, being but two degrees below the boiHng point. 

The bodies of most fishes are covered with small brilliant plates of a homy nature, 
called scales ; but in certain kinds these are wanting, as in the turbot, in place of which 
are found osseous or cartilaginous protuberances in some species, and in others a very 
smooth skin, without scales or rugosities, but covered with a thick gelatinous secretion. 
It was observed by Steno, in the skate, that this slimy matter was poured out from 
numerous orifices regularly placed near the surface ; and Dr. Monro has recorded his 
discovery of a very elegant stracture for the preparation of this mucus- between the 
skin and muscles. The secretion is so viscid that it is with great difficulty pressed out. 
There is a species of carp — the rex cyprinorum of Linnaeus — ^that seems to hold a middle 
place between the rough and smooth skinned fish ; the upper part and back is covered 
with scales, while these are altogether wanting on the lower part and belly. 
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In reptiles the cuticle is either memhranous, or, as in the frog, consists merely of 
mucilage, as it does in many worms already noticed. The corpus mucosum in these 
nniinftlft assumcs the form either of a soft yiscid suhstance, as in &ogs ; of a homy shield 
as in tortoises ; or of scales, as in serpents and most lizards ; some of the latter, however, 
as the crocodile and alligator, have it again in the form of hard plates, like the shields 
of tortoises. It is of the corpus mucosum, also, that the claws of such reptiles as have 
them are constituted. The proper cutis is situated under this ; and as the papillsB of 
this organ are most numerous about the soles of the feet, we must conceiye that it is 
in this part principally that the touch of reptiles is resident. 

The perspiration of reptiles is in general yery copious ; that of the salamander, for 
example, being so much so, as to extinguish flame, and thus to haye given rise to the 
fable of its being capable of living in the fire. In some, as the toad, the perspired matter 
is of a poisonous quality ; and in one kind of lizard it is so acrid as to blister the fingers. 

In birds, the cuticle is again membranous ; while the corpus mucosum assrmies the 
form, upon the mandibles, of a bill ; upon the body in general, of feathers ; upon the legs, 
of scales; and at the extremity of the toes, of daws. ^ Under this is the cutis, which, 
abounding in papillss, most in general below the bill, particularly in the swan, goose, and 
duck, may be presumed to render this organ the most sensible to external impressions. 




BILL Am) TOXOUB OF WILD DVCX {AfUU bOi^UU), . 

In mammiferous animals, the membranous cuticle covers a corpus mucosum, gene- 
rally of a soft viscid consistence, but in some few animals of this class, as the rhino- 
ceros, armadillo, scaly ant-eater, &c., assuming the form of hard plates, like those of the 
crocodile and alligator. It is of the corpus mucosum, also, that are constituted, in some 
few, as the duck-billed animal, a perfect bill ; and, in the greater number, the hair, far, 
wool, bristies, quills, &c., with some one or other of which their bodies are covered ; as well 
as the horns, claws, hoofs, &c., with which many of them are furnished. The cutis, lying 
under this, is, in all, the organ of touch ; which is most acute, in the duck-billed animal, 
upon the bill ; in the carnivorous tribes, at the root of the whiskers ; in those with 
movable snouts, as the mole, hog and elephant, upon that organ ; in the bat, upon the 
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memlnane between their fingen, oommonly called their wings; and In moat of the 
Glirea, as the squiiiel, as wdl as in apes and other animals of this description, at the 
tips of the fingers ; siace it is in these organs respectively that the papilhe are most 
abundant It is nnneoessary to point out how admirably this oonesponds with the 
habits of each of these animals ; and the delicacy of tonch which some of them enjoy in 
the organs in question is wonderfid— an elephant, for example, being able to distingniwh, 
by the tip of its trunk, between the most minute objects, and a bat being capable, 
though deprived of the use of its eyes and ears, to direct its rapid flight through the 
most intricate places, the touch alone of its membranous wings sufficiently apprising it 
of the contiguity of objects, and thus enabling it to avoid them. 

GonsclopsBMW.— The animal functions, or fimctions of relation, are currently spoken 
of asthe functions on which consciousness peculiarly attends. Thestates of consciousness 
are theyarious states of aninudbeinginwhichthesenseofezistenoeispresent. Thus every 
exercise of mind in man is propeily described as a state of consciousness. Allhissensa- 
tions, emotions, appetites, and desires, are so many states of his consciousness ; since the 
feeling of existence is. an essential element in all these several affections. The exercise 
of locomotion, in obedience to volition, is a state of consciousness ; and even involun- 
tary acts, such as yawning, sighing, hysteric laughter, and the like, come under the 
head of conscious acts, or acts into whidi, as an element, the sense of existence enters. 
Hence, it may be inferred, that, in thci lower animals, acts of pure instinct, altogether 
independent of anything like volition, are often states of consciousness. Thus man's 
animal existence is made up of a long succession of states of consciousness, scarcely 
altogether interrupted even during sleep. 

The analysis and methodical arrangement of such states of consciousness constitute 
the prcq[>er business of the philosophy of the human mind. Of locomotion and the 
senses of animals we have already briefly spoken.; and, for the present, a few words 
must suffice on sensation, emotion, reason, instinct, and thought. 

SwiMtlffin IB a mental fiseling, or state of consciousness, to which, however, certain 
e(Hporeal preliminary conditions are essential. When the point of a needle makes the • 
slightest ptmeture at the sur&ce of the skin, a sensation takes place. The feeling of 
pain combined, if one so may; speak, with a sense of existence, constitutes this sensation, 
distincUy entitled to be termed a state of consciousness. But there is also another 
element in such a sensation, which does not manifestiy enter into every state of con- 
sciousness. That other element is, that the consciousness has a local seat ; that the 
consciousness of pain is felt to exist at the point where the needle has pierced the skin. 
But anatomy quickly teaches us that the sensible point which the needle touches, is 
not the independent, although the manifested seat of sensation. It is found, that such a 
point of the surface of the body only remains sensible on condition that nervous 
filaments extend to it from the nervous centre, that is, from the brain or spinal mar- 
row; that such filaments are entire and unbroken ; and further, if such filaments be 
divided, compressed, or otherwise seriously injured, that a needle may be thrust into 
the part without the production of any mental feeling whatever. In short, it is dis- 
oovered by a littie investigation, that when an impression, such as that made by a 
needle, affects the extremity of a nervous filament, a conreqKmding change occurs in 
the point of the brain, or spinal marrow, to which that nervous filament extends ; and 
that this change in the nervous centre fails to occur, unless the nervous filament 
concerned be entire in its whole extent. The singularity here to be observed, is, that 
although the point in the nervous centre is plainly that on which the mental feeling 
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depends, yet fhat that mental feeling is not felt to hare any local existence, except at 
the extremity of the neryons filament touched by the needle. Thus the seat of sensa- 
tion, the local seat of the state of consciousness, which constitutes a sensation, is always 
in the organ, or part of the body, where the nerrous filaments concerned terminate. It 
is quite true, as Epichaimus song : 

<* Mind it seeth, mind it heareth^ 
All beside is de^ and blind ;" 

ncTertheless, the felt local seat of sensations is in the skin, the membrane of the 
nostrils, the membrane of the tongue, the labyrinth of the ear, the retina of the eye, 
and finally, in tiie locoijiotiye organs in general, when brought into action. 

The mind has, indeed, no local seat. It would be absurd to speak of a spiritual 
essence as haying parts, or being in connexion with space ; but, neyertheless, it is quite 
certain that in sensation the mind manifests itself in what are termed the organs of 
sensation. Here it is, then, in the skin and the other organs of sensation, that the 
confines of mind — so to speak — and the confines of matter meet. Nor is it erroneous 
to say that it is in sensation that mind communicates with matter. This yiew leayes the 
spirituality of the sentient principle wholly untouched. For, as Sir William Hamilton 
remarks (IUsid's WorkSy p. 862), " the connexion of an unextended with an extended 
substance, is equally incomprehensible, whether we contract the place of union to a 
central point, or whether we leaye it co-extensiye with organization." 

The notion of extension, or rather the capability of forming the notion of extension, 
is undoubtedly an original endowment of the human mind ; but the realization of that 
notion, there is little reason to doubt, takes place as the infant gradually notes the 
yariety in the local seats of the many sensations continually occurring in his conscious- 
ness. In short, as Aristotle taught, the infant's body is contained within his soul in 
the exercise of sensation. 

Besides sensations, there are no other states of consciousness which haye a manifest 
•local seat, unless that be said in a somewhat different sense of certain emotions. For, 
there are motions which are yery constantly attended with certain bodily feelings, 
which feelings, on inyestigation, are discoyered to be sensations arising during the 
exercise of certain muscular acts, which become, as it were, the signs of those emotions. 
All expression of emotion, whether calm or passionate, consists in certain moyements 
of the locomotiye system ; and such moyements of the loeomotiye system are attended, 
like the action of muscles in general, with sensations originating in the effect produced 
on the nervous sentient filaments of those muscles by the physical changes which they 
then undergo. Hence it appears that emotions themselyes are not states of conscious- 
ness haying a local seat ; but that many emotions are accompanied by muscular acts 
which originate states of consciousness, or sensations haying a local seat. 

To such consecutiye sensations, the name of sensations of emotion has oft^i been 
giyen. 

Emotion, in a larger sense, may include not only passions, but also desires, and, 
owing to their analogy with desires, eyen appetites. These constitute the impulsive 
part of human nature— leading to action too often with a vehemence overpowering all 
reason. All the bodily acts which result from emotions, passions, desires, and appe- 
tites, are doubtless attended with corresponding sensations ; but, like those already 
mentioned, these localized states of consciousness are consecutiye-^not identical with 
these affections. 
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Ill 



In pToportioii as man in society learns to control tlie impulsiye part of Ms nature 
chiefly by the influence of reason, he adyances in ciyilizatioxL In the woz^ of Ovid : — 
" Et quod nnne ratio, impetus ante fuit" 

Season represents, coUectiyely, the fieuinlties, properly termed the Intellectoal 
Faculties. Eeason, howerer, implies the preyious accumulation of knowledge, howeyer 
slender, by comparison with that store of which man is capable. It has been wdl 
described as the action of the mind upon its knowledge. ** Its power," says Isaac 
Taylor, " oyer itself, a power directed by knowledge, and employed for the accom- 
plishment of some purpose foreseen, is what constitutes reason." Reason, by the 
knowledge of the past, consults for the future, putting a restraint upon present impulses. 
Reason, by reference to what the memory can supply £rom the past, combines the 
means suitable to effect ends, and; not discouraged by repeated failures, changes and 
improves these means till the end is accomplished, as oftaa. as that is attainable. By 
reason, also, it is often determined that such and such ends are not attainable by the 
means actually within reach. Thus reason is not bo much a single faculty as a powei 
of combining the operation of all the inteUectnal faculties towards the attaimnent of 
the object in yiew. 

The first men, beyond question, had no other shelter from the scorching rays of the 
Sim, and the rains, and the blasts of heayen, than the woody thicket, or the natural 
caves of the rocks and mountains. To this day, near the banks of the Jordan, there 
are tribes who live in mountain caves. In Borneo there are races who live in trees, 
like monkeys. There are African princes who hold their audiences in Nature's own 
palace, under the shade of the gorgeous banyan. Let us suppose that a party of 
primiliye men had strayed to a place affording the shelter neither of a thicket nor of 
the mountain caye, and that the heat of the sun, or the season of rains, caused them 
annoyance ; then would arise the exercise of reason, — ^the first display of man's building 
talent. The inconyenience he suffers from the loss of his accustomed shelter, carries 
his thoughts back to the form of that shelter. Let us first suppose that his original 
shelter was a cave. It is not any inward impulse which leads him to fix poles in the 
ground, inclined to each other at the top for mutual support, and to cover these with 
the skins of the animals he has killed for food, or with the large leaves and twigs he 
can collect around. But the desire to produce the likeness of his former cave raises a 
train of thought, in which are presented all such observations of his past Ufe as bear on his 
purpose. The minute recollection of these stirs him on to the work, and, after &iling 
and succeeding by turns, he at last, with repeated trials, constructs a rude tent, or hut, 
on the model which originally arose to his mind. It is by the imitation of what had 
before been seen that reason acts in such a case. In short, here reason acts <m the 
knowledge before accumulated, so as to apply it to the purpose in view. Here reason 
appears in its proper character; not as a single faculty, collateral with memory or 
imagination, but as the master of the fEUiulties ; that which controls and compels the 
subordinate powers each to contribute its proper share to the work. 

Had the party referred to never seen a cave, but been accustomed to the shelter of 
trees, the first tent would necessarily take more of the form oi a tree; and were the 
model tree a banyan, we must suppose the t«nt would have been in the shape of a huge 
umbrella, supported at the circumference with slender posts, and in the middle by 
a stout pillar, corresponding to the central stem and descending roots of that singular 
production of the vegetable kingdom. 

Instlnct«->How different is instinct! Instinct is an agency which performs 
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blindly and ignorantly a work of intelligenoe and Imo-wledge. Many nniTnttla^ par- 
ticularly birds and inBects, construct works to which, at first sight, there would seem 
to be requisite no small degree of forethought, knowledge, and calculation. In short, 
to produce such effects as are produced by many animals, an intimate knowledge of the 
principles of mathematics, and of the laws discovered by man in the physical scieDceay 
would seem to be essential. Does any one believe that such knowledge and muh. 
fiumlties as are necessary for the construction of the honeycomb, reside in bees in the 
same sense in which it is said that such knowledge and such fiieulties belqaog to a man 
who is possessed of them? "It would take,'' says Sidney Smith {Moral FhUoaophi^y 
p. 243), '^ a senior wrangler at Cambridge ten hours a-day, for three years together, to 
know Plough mathematics for the calculation of these problems, with which not only 
every queen bee, but every undergraduate grub, is acquainted the moment it is bom." 

It is not, however, sufficient, with Isaac Taylor, and many other authors, directiy to 
impute the knowledge and the forethought to the Creator ; because we are required, in 
studying such a subject, to consider all the laws regulating such acts in the organic 
kingdoms, and endeavour to ascertain, before such a direct reference is made to the 
power of the Creator, how far the instincts of birds and insects, by which so many 
wonderful effects are produced, are not merely a part of a larger law which operates in 
that port of nature as a whole. The final reference, of course, is to the power of God, 
whatever be the result of our inquiries. 

It is now many years since it was observed in man and animals, in general, 
that certain impressions made on the organs of sense, or on sensible parts of the body, are 
succeeded by muscular acts, sometimes of a very complex kind, performed altogether 
independentiy of the will. It was not at first observed, that on many occasions impres- 
sions might be made on many parts of the body, such as give rise to complex muscular 
acts of this kind, not only independentiy of the will, but even without any conscious- 
ness on the part of the individual that such impressions had been applied. Such, 
however, is the case. The nervous system is so constituted that certain impressions 
made on the extremities of nervous filaments, terminating chiefly on the surfaces of 
the body, are succeeded by the determination of infiu^ices, through other nerves, to 
muscular organs, by which these organs undergo movements on a definite plan, and 
often of a very complex kind. When no consciousness attends the impression, so that 
the affection of the nervous centre thereby produced fails to possess the character of a 
sensation, the effect is what gave rise to the idea of reflex actions, not accompanied by 
sensations, having their origin in the spinal marrow, in which plainly resides the power 
of determining certain complex muscular acts, on being affected by impressions conveyed 
through certain means. But all such muscular acts as originate in impressions made 
on the extremities of nervous filaments, independentiy of volition, whether accompanied 
by consciousness of the impression, or unaccompanied by such consciousness, are con- 
venientiy termed refiex acts. 

This view of the nervous system in higher animals, for which we are chiefly 
indebted to Dr. Marshall Hall, though it does not explain, serves very much to illustrate 
the nature of instinct. According to the expression of a distinguished physiologist, Pro- 
chaska, " Peculiar laws are written, as it were by nature, on the medullary pulp ;*' 
and such and such impressions, conveyed by nerves to the nervous centre, whatever it may 
be, in the animal, call forth particular acts, in obedience to such originally written laws. 

In short, the various acts of instinct in birds and insects, accordixig to this view, 
present no greater difficulty, or, at the most, one not very much greater, than the niune- 
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rous reflex acts fiubservient to the well-being of the body, varied as these constaatLy are 
in man and animalsy under siiccessiye changes of ciicumstanoes. Such acts, and 
instinctlTe acts, fall under the same great law of the nervous matter— a law 
unquestlonahly originally impressed upon it by the fiat of the Creator. '< As, then/^ 
says Dr. Bushnan {PAdosophy of Season and Instina)^ <* certain organic acts are the 
direct effect of sensation^ so it will be fouiod that instmctiYe acts, properly so called, 
can be traced to the same cause, and are, like them, dependent either on external 
or internal stimuli." The great sources of instinctive acts in the lower animals, are 
the senses of smeU and taste; by which, particularly the former, they are led to 
select food which is salutary, with a certainty which fur exceeds the boasted knowledge 
of man. There is scarcely a plant which is not refused by some, while it is eagerly 
sought after by others ; and as many of these |>lants are highly poisonous to man, we 
must here draw the striking conclusion, that when the instinct of an animal leads it to 
eat of a plant poisonous to others, the law which so directs it, through the unconscious 
nervous centre, must embrace the fact that the poisonous chemical principle of that 
plant is destroyed by the peculiar digestive power of that animaL 

Finally, among the soiuroes of sensation on which instinctive acts are dependent, are 
various qualities of the atmosphere at different seasons, the periodical returns of appe- 
tites, and particularly of the sexual desire, the sense of ungratified want, the conscious- 
ness of muscular action, and, in higher animals, the presence of aU kinds of emotion. 

Thongl^td— When spoken of in. connection with the functions of rielation, Thought 
has an extensive signification. It is then contrasted merely with sensation; so that 
sensation and thought are often employed to include all mental phenomena. Such a 
use of the term thought, is, however, merely for the sake of temporary convenience ; 
since emotions, passions, desires, and appetites— all of which are states of consciousness, 
distinct from sensations, can with no propriety b^ deliberately regarded) as thoughts. 
If, however, from the whole succession of a man's states of consciousness. we subtract his 
sensations, his emotions, his passions, his desires, and his appetites, then those states of 
consciousness which remain, will be such as are most appropriately termed thoughts. 
Thus, then, an act of memory is a thought ; an act of conception is a thought ; an act 
of abstraction is a thought ; an act of imagination is a thought ; an act of judgment is 
a thought; — and to think is specially to determine, with some definite purpose, succes- 
sions of these several kinds of acts. 

When a person thinks over a subject, he puts it in all possible lights, endeavouring 
to find out each new relation in which it stands ;— that is, making use of what he has 
observed as to the modes in which one thing suggests another, he makes those things 
which rise spontaneously in his mind, the means of bringing up other things which were 
less obviously connected with his first thoughts. 

Thinking, then, is a succession of acts, only in part voluntary. A man cannot call 
up any thought at pleasure unless within very narrow limits. But when he has once 
got possession of a thought, by dwelling on it, and considering its several connections, 
he may be secure that it shall arise whenever certain other thoughts shall have first 
occurred to his mind. When a man thinks correctly on any subject, it is very much 
the same as to say he exercises reason on that subject. For, to think correctly, he must 
exert a certain control over his thoughts, rejecting those which are vain, frivolous, and 
not pertinent to the subject, and detaining those in the contrary predicament. Still the 
mere expression to think has no constant reference to the exercise of reason ; since one 
mav be said to think in the larger sense when the thoughts suggested to the mind by 
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some subject rise freely, whether they be to the purpose or not. Thus it is qriite correct 
to say, that a man thinks incorrectly ; and in so thinking he may hare exercised Actually 
as much Toluntary control oyer his thoughts, as in any profound and just meditation. 
But to say that a man exercised his reason incorrectly, inyolres a contradiction. Thus, 
to think and to exercise the reason, are not one and the same thing. The reason, 
indeed, cannot be exercised without thinking ; but much thought may pass through the 
mind with yery Httle exercise of reason. 

What is commonly called a train of thought presents this term in its widest signifi- 
cation. TTe say cuirently a train of thought is dependent on the association of ideas. 
But, when a train of thought is reyiewed— -for example, such a train as constitutes a 
reyerie— it is found to consist not merely of the states of consciousness commonly called 
thoughts, or of those expressed by the term ideas, but of states of consciousness of 
eyery known kind-Hsensations, memories, abstractions, ccmceptions, imaginatioDS, judg- 
ments, pity, remorse, anger, jealousy, ambition, desire. And each of the states eatering 
into such a train is linked or associated with the states adjacent to it in the succession ; 
so that what is usually called the association of ideas, is really the order in which the 
succession of eyery kind of consciousness happens at any one time to be determined. 

Eyery man has his trains of mental phenomena, to a certain extent, under his own 
power, and this is the foundation of all self-education, or rather the foundation of all 
moral and intellectual education. It is quite possible that a child may be so reared as 
to be incapable of conforming the conduct of after life to the standard of morals required 
by the laws of his country. This person is exactly in the condition of him who labours 
under moral insanity. Had the dispositions, in childhood, of such a person been 
restrained by judicious management, then the passions, desires, and appetites would 
haye been reduced within those bounds which reason requires. When the natural 
disposition is such, that under the best direction a child grows up, totally incapable of 
subjecting his moral nature to the control of reason, then that person is morally insane 
from birth. 

The intellectual nature is perhaps less under the control of management than the 
moral nature. Neyertheless, education is capable of greatly extending the range of 
thought, and, within somewhat narrow limits, of giying to it greater justness and 
exactness than naturally belongs to the indiyidual. 

The benefits of training, whether by the education imparted from without, or by the 
efforts of the indiyidual himself towards self-improyement, are manifestly dependent on 
the changes accompliahed on the natural succession of the states of consciousness, or, in 
common language, on the natural succession of thoughts. And it is manifest that the 
more any one has indulged in incorrect thinking, or in licentious wishes, before the cor- 
rectiye of training is applied, the more difficult it must be to bring back the current of 
his intellectual and moral nature to that which reason directs. CSorrect thinking, intel- 
lectually and morally, is the only foundation of just judgment and blameless conduct : — 

— — — — " For since the course 

Of things external acts in different ways 

On homan apprehension, as the hand 

Of nature tempers to a diflierent f^ame 

Feeuliar minds; so, haply, where the powers 

Of Fancy neither lessen nor enlarge 

The images of things, but paint in all 

Their genuine hues the features which they wore 

In nature— there opinion will be true, 

And action right."— Axekbids. 
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The next and last function we have to consider is that of speech, or the sotrnds which 
are produced in the larynx or yocal apparatus at the moment when the air traverses this 
organ, either to enter or to pass out of the trachea or windpipe ; and we shall distin- 
gpnsh speech in man from the cries, song, and buzzing of inferior animals. 

Voices— Without the possession of voice how different would have been the history 
of man^s progress on the earth ! We can hardly conceive any other effectual kind of 
speech except that to which voice is subservient. Without articulate sounds man could 
hardly have risen to the rank of an intelligent thinking agent. By means of expression 
and gesture he might have communicated to his fellow-men no small share of his pre- 
sent desires, his present feelings, and even his present rude ideas; but under such 
circumstances how little of the past— how little of the future— -would have entered into 
his mental existence ! 

Speech, then, may be justly regarded as one of the principal foundations of man's 
greatness upon the earth ; and thus voice, speech, the cries of animals, the song of 
birds, and the buzzing of insects, present, in a physiological point of view, a succession 
of themes of the most engrossing interest. 

In physiology voice is distingpiished from speech, though without voice there is no 
perfect speech. This point deserves a word of explanation. When a person can speak 
only in a whisper, he is said to have lost his voice ; that is, he has lost the power of 
utterance with that loud, thrilling, vibratory sound which constitutes perfect voice. 
But if whispering were man's only natural mode of speech, then we should not be 
entitled to say that man had no voice, but only that his voice was a soft, hissing, non- 
vibratory sound. 

Ycnce, then, whether it be soft and hissing, or loud and vibratory, is formed in the 
larynx. Speech is the voice modulated in its passage through the mouth and nose by 
the agency of particular organs, such as the tongue, the palate, the teeth, the lips. 
It is conventionally only, and for the sake of convenience, that physiologists speak of a 
whisper as being speedi without voice, that is, without vibratory voice; and of those 
who speak only in a whisper, as having lost their voice, in contradistinction to those 
unfortunates who suffer under a loss of speech, which properly constitutes dumbness. 

Dumbness originates exclusively from original defect of hearing — ^thus indicating 
the intimate connexion between the gift of articulation and the perfection of that sense. 
Again, the capability of the dumb (deaf-mutes, as with something akin to an affectation 
of precision they are now often called) to acquire the use of speech, rude as it commonly 
is, shows how largely the organs concerned are placed under the control of the will. 

The Soiuces of Sound. — ^The organs of the voice and of speech are analogous 
to instruments of music, so that some preliminary observations on the sources of sound 
become requisite. 

In every case sound is derived from the vibration of a body. It is, however, 
erroneous to describe sound as merely a vibration of the air. Most sounds, it is true, 
reach the ear through the vibration of the air, whether they have had their source in 
the air, or in some body with which it is in contact. It is usually said, that a beU has 
little or no sound in a vacuum. This is in so flEu: true ; for unless a communication is 
made between the ear and the beU independently of the air, little or no.sound would be 
heard. But if a cord or some similar body be stretched between the bell and ihe ear, 
and particularly if the external cavity of the ear be previously stopped with some sub- 
stance, such as chewed paper, which the cord is made to touch, the sound of the bell 
will be distinctly heard. In such a case no part of the communication of the vibrations 
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of the bell Ib madethnnig^ the air— the memhrane of the tympanum or drmn of the ear 
receiyes the Tibratioiis and transmita them through the chain of little booea to the 
labyrinth or moat interior part of the ear, where, by means of imdnlatifms excited in 
the fluid in contact with the sabdiTiaionB of the auditory nerre, the xeq[aiBite imprea- 
aioniamade. 

Many other inatancea may be cited of aonnds produced by the yihrationa of aolid 
bodies being conreyed to the ear without the intenrention of the atmosphere. For 
example ; when a tnning-fiirk is made to ribrate and placed between the teeth, the 
sound is couTeyed £rom the teeth, through the bones of the &ce and the head, to the 
auditory nerre. Also when a soUd-yibrating body is suspended by a cord which is 
brought into contact witli the teeth, the sound is heard independently of the atmosphere. 
Again, when a sounding body is sospended between two cords reaching to the ears, the 
influence of the air is excluded. When a cord is extended from a sounding body to 
some part of the head, particnlarly to such parts as are sparingly coyered with soft 
substance, the sound is heard without the assistance of the atmosphere. When a watch 
touches the teeth, particiilarly of the upper jaw, its ticking is distinctly heard on the same 
principle. When the watch is applied to the tongue, the sound is much fainter. We 
find it stated that the yibrations of a metallic spoon were heard at the distance of three 
hundred yards by means of a cord extended to the ear. We are told that the sound of 
distant cayalry is heard much better when the ear is applied to the ground than when 
the listener stands erect. In cases of this kind, where the sound is oonyeyed along the 
surface of the ground, it is to be understood that the sounds are produced in the ground 
itself^ or in solid bodies communicating directly with the ground. 

Vibrations are also communicated from water to the ear without the assistance of 
the atmosphere. For example; in bathing, when the head is plunged under water, 
distant sounds produced in the water are heard distinctly. When, howeyer, sounds 
proceed from water into air, the e£Eect produced on the air is faint. 

The soxmds which reach the ear through the atmosphere may originate in yibrations 
of the air itself or may haye been communicated to it by the yibrations of Hquid or of 
solid bodies. And this, doubtless, is the common case. Neyertheless, it is plain, from 
what has been aboye stated, that to describe sound as a yibration of the air is to yiew it 
in too limited a sense. 

To produce sound the yibrations must be of a certain strength ; for it is plain that 
a body often continues to yibrate after it has ceased to emit sound. Sounds pass through 
air with less rapidity than through water, and through water with less rapidity than 
through solid bodies. For example ; the sound of a hammer struck at the top of a high 
house is heard double by a person standing on the ground below; that is to say, ti^e 
first sound which reaches his ear is conyeyed through the solid materials of the house, 
while the second sound is transmitted through the air to his ear. It is obseryed, also, 
that on the approach of a heayy waggon in the street the furniture of a house begins to 
shake before the noise of the waggon is heard. 

The ydocity of sound in air is estimated at 1130 feet per second— in water at 4708 
feet in the same unit of time. The yelocity of sound conyeyed through solid bodies 
appears to yary much according to the texture of the substance. From some experi- 
ments, it appears to pass through deals of fir-wood at the rate of 17,400 feet per second, 
which is upwards of three miles. 

When a soxmd is produced in an open space, it is more short and sharp than when 
in a room ; because, when a sound occurs in a room, the yibrations of the air which 
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strike against the walls and furniture excite new yibratlons in these bodies, which, being 
again communicated to the air, affect the ear in dose succession with the original 
yibrationB, and so prolong the sound. This effect is termed the reverberation of sound. 
When there are no bodies near at hand to reyerberate the sound, but a body or bodies 
at a distance capable of that effect, an echo is produced. Thus an echo may be described 
as a reverberated sound, which does not reach the ear until the primary sound has 
ceased. An echo may take place from a wall, a rock, a groye of trees, and, as it is said, 
eyen firom a doud ; and also, as it would seem, fix)m condensed air. If an echo can 
take place from a doud, it is an example of an echo produced by the yibrations of water 
in its Hquid state.- The body from which a distinct echo takes place must be at a con- 
siderable distance, and there must be no interposed bodies capable of keeping up the 
succession of -vibrations. In every large and lofty empty room there is a species of 
imperfect echo, owing to the want of Aimiture to keep up the succession of reyerbera- 
tions between the termination of the primary sound and the reverberations from the 
walls and roof. The echo of a monosyllable requires a less distance than the echo of a 
dissyllable ; it is estimated that the distance required for a monosyllable is 80 feet, that 
for a dissyllable 170 feet 

A musical sound is to be distinguished from a noise. A noise consists either of a 
single powerfril concussion or report, or else of an irregular repetition of such sounds. 
A musical sound consists of a number of synchronous vibrations ; that is, of vibrations 
occupying the same minute period of time. The vibrations in a musical sound are not 
all of the same extent ; but whether great or small, eadi occupies the same period of time — 
in short, they are like the vibrations of a pendulum, which, whether great or small, 
are performed in the same space of time, when the pendulum is of a definite length. 

Sonorous undulations may be described as of two sorts— namdy, curved and mole- 
cular. We have an example of curved 
undulations when a string, fdg^ fastened 
at both ends, ah^ so as to be tight, is 
drawn to one side at its middle point. By 
this retraction the string, which was 
before straight, is now bent into a ciurve, 
afig'h. When let go it not only 
recovers its former position, but passes to the other side, assuming the same curved 
form, af* rf" g** >, into which it was at first drawn ; and thus it continues to vibrate 
from side to side, alternately forming a curve, with a gradual diminution of extent on 
each side of its original position. So long as these vibrations are of considerable 
strength, a sound is emitted ; but, as before observed, the sound ceases before such a 
string returns entirely to rest. To produce an impression on the ear, but a moderate 
vdodty in the vibrations is necessary. It appears that a sound may remain audible 
with a vdocity of no more than i^th part of an inch in a second: perhaps it may be 
heard even with a much smaller vdocity than this. Nevertheless, in such a case it is 
probable that the initial vdodty must be considerably greater than that here described. 

What is termed 
molecular undulation 
is exemplified in the 
alternate condensation 
and rarefaction of air. 
When we blow into a tube open at both ends, the air contained first becomes 
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condensed in the middle^ and rarefied at the two extremities, as seen by the lighter 

shade in the cnt ; but 
after a while the'Case 
is reversed, the rare- 
faction being in . the 
middle, the condensaF- 
tion at the extremities. 
What is termed diflEerence of tone depends upon the number of vibrations, in a giyen 
period of time. When the number of vibrations is smaU, a graye sound is produced ; 
when the yibrations are numerous in the same time, an acute sound is heard. Their 
thickness being equal, a long string produces fewer vibrations than a short string in a 
given time. Thus, by lengthening a string, the tone of a musical sound produced by 
its vibration passes iram the acute to the grave. When the qu^ty of a sound is spoken 
of, it has no reference to the number of vibrations in a given time, quality being 
dependent on the molecular constitution of the sounding body. From what has been 
already said, it must be seen that the mere extent of vibrations does not affect the tone. 
It appears, however, that loudness of sound is dependent chiefly on the extent of the 
vibrations. 

Musical sounds, then, are produced either by the vibrations of solid bodies, of liquid 
bodies, or of aeriform bodies, or by a combination of the vibrations of two or more of 
these. 

There are even musical instruments, or musical combinations produced by solid 
bodies, independently of any musical tension. For example, melody may be extracted 
from cylinders of glass, or of metal struck either directly or by means of keys— the 
tuning-fork, the gong, the cymbal, the bell, are examples of the same kind. The har- 
mordca consists of a series of glass vessels made to yield musical sounds by the fnction 
of the fingers. But the most important case of this kind, as bearing on the explanation 
of the phenomena of the voice,. is the vibration of an elastic plate produced by a current 
of air which it continually emits and excludes. Such a plate is employed in those forms 
of the organ-pipe which have been termed the vox humanap^y and regal pipe. The 
vibrations of water are hardly employed to produce musical sounds ; nevertheless, the 
purling riU and the distant cataract plainly fall within the description of musical 
sounds. 

In simple wind-instruments of music, we have examples of musical sounds pro- 
duced by molecular undulations of air : in the flute, the flageolet, the diapason organ- 
pipe, the humming-top, the cavity of the mouth in whistling, and playing on the Jew's- 
harp, the molecular undulations of the air are the sources of the mxisical sounds. In 
the flute and flageolet the length of the tube is altered at pleasure by opening or shutting 
the holes. When a hole is opened it is the same thing as if the pipe were cut off a Httle 
beyond the place of the hole. 

In many musical instruments the vibrations of solid bodies co-operate with the 
undulation of the air to produce the musical sounds. This is the case in the trumpet 
and in the various kinds of horn. In these instruments, the force of the inflation pro- 
duces what are termed harmonic divisions. The trombone is so contrived -that the 
length of the tube may be altered at pleasure. In what are termed the reed pipes of an 
organ, there is an elastic plate which vibrates in unison with the column of air which 
they contain. The vibrations of animal membranes, when put on the stretch, as a 
source of musical sounds, are usually considered separately, both firom the sounds 
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produced by solid bodies and those produced by tbe molecular undulation of air. There 
are examples of this effect of those membranes in the use of such instruments as the 
drum and tambourine. These instruments are chiefly prized for their loudness. Under 
the same head, howeyer, falls the membranous tongue, which bears closely on the 
illustration of the human yoioe. What is here referred to is not, indeed, a musical 
instrument, but a contrivance employed to exhibit the effects of sound under circum- 
stances analogous to those of the human larynx. The most remarkable experiment of 
this kind is made by placing two thin plates of India rubber over the end of a tube, so 
as to leaye a yery slender flssiure between their margins in the middle 
line, and fixing these by a ligature. Two pieces of leather employed 
in the same manner produce a similar result. When two such tongues 
or membranes are placed over the orifice of an organ-tube, and the 
current of air made to rise through it, vibratory motion is maintained 
by this current, and a considerable range of musical soimds is produced. 
The two tongues or membranes in this experiment should be in the same 
place, and the space between them should be very minute : the edges 
of the tongue should not be fiEuiiher apart than from -^th to -j^th of an 
inch. The experiment succeeds even better when the edges actually touch. 
To this experiment reference will be made hereafter, when we come to speak of what 
occurs in the human larynx during the exercise of voice. 

OzganB of Voice and Speech In Man. — The organs concerned in voice and 
speech may be described as the chest and lungs, the windpipe, the larynx, the posterior 
cavity of the mouth, the nostrils, which communicate with that posterior cavity, the 
palate, the tongue, the teeth, and the lips. The sounds which constitute voice belong 
to the order of musical sounds, independently altogether of the singing voice. All that 
is properly termed voice takes place in the larynx, which is properly the instrument of 
voice. But even independently of the modifications by which voice is changed into 
articulate speech, the voice is variously affected by the other parts which have been 
enumerated : by the chest, as regulating the force of the air ; by the windpipe, as sus- 
ceptible of several degrees of length and tension ; by the posterior cavity of the mouth, 
as offering an expanded vault ; by the nostril, as affording a double passage of exit £)r 
the breath ; and by the various conditions of the tongue, the palate, the teeth, the lips, 
according to the position in which they happen to be at the moment. 

The chest and lungs together constitute, in reference to the voice, a musical 
bellows, capable of supplying air with more or less force to the organs of voice. The 
peculiarity of these bellows consists in that the air must be renewed, at short intervals, 
by entering from without by the same passage by which it is expelled when the voice 
is exercised. It can, however, supply air without interruption, in a continued stream, 
for about fifteen seconds. The lung consists of two large bags of air, and does not 
materially differ from the wind-box of an organ, or rather from the bag of a bagpipe. 
No air can enter the lung, or escape from it, except through the windpipe. The 
walls of the chest are everywhere in contact with the outer surface of the lung, and 
dose in around the point at which the windpipe rises upwards to the huynx. The 
chest is capable of expansion in every direction; that is to say, by mean^ of muscular 
action its walls recede from the surfSace of the lung, bo that the cavity vq, which this air- 
bag is contained, is augmented in every direction, — in length, in breadth, in depth. 
Whenever this enlargement commences the air begins to enter from without. , By this 
process, in two or tliree seconds, many cubic inches of air cun be drawn into the lungs. 



Digitized by 



Google 



120 



STRUCTURE OF WINDPIPE. 



So nice is the action of the muscles, by which the chest is again contracted in size, and 
the lung is compressed, that the stream of air which shall issue in a giyen perk)d 
through the larynx, by the influence of the will, is under the most complete controL 
The prominence of the larynx on the fore part of the neck is popularly known by 
the name of Adam's apple, by which, probably, its remaj^bly greater prominence in 
the male than in the female is referred to. The long succession of minute tubes, by 
the gradual union of which the other trunks, and finally the windpipe, are formed^ 
has this peculiarity, that the aggregate of the areas of the smaller tubes greatly exceeds 
the area of the trunks which they combine to form. From the windpipe throughout, 
almost to their origin in the minute cells, the tubes are provided with tense walls, 
by means of the cartilaginous appendages before referred to ; in the windpipe itself these 
cartilages ftgmiTning a more definite form. They are in complete rings of cartilage, being 

deficient posteriorly; that is, each ring of tlie 
windpipe traverses about two-thirds of its cir- 
cumference, leaving the remaining one-third, on 
its posterior aspect, destitute of this support. The 
number of rings in the windpipe is firom fifteen 
to twenty; in other respects the tube is chiefly 
membranous, yet provided with muscular fibres 
capable of diminiabing its calibre, by drawing toge- 
ther the extremities of the rings. It has been 
proved, by sufficient experiments, that when the 
larynx is raised by 
the powerful muscles 
attached to it, the 
windpipe is drawn 
up from the chest in 
a corresponding ex- 
tent, and that at the 
same time its diame- 
ter is diminished by 
about one-third. 

The base, or lowest 
part of the larynx,rests 
on the upper part of 
the windpipe, and this 
base consists of a ring, somewhat more developed 
than any of the rings of the windpipe, yet not so 
different from these but that it might be regarded 
as the siunmit of that tube. This ring differs from 
the rings of the windpipe in being complete all round ; 
it is not, however, of a uniform breadth in the direc- 
tion of from below upwards, being broader at the 
posterior part It may be likened, then, to a ring, 
with a stone or a seal, the expansion behind corresponding to the stone or seal. On 
the upper edge of the expanded portion of this ring, at the base of the larynx, are set 
two slender bodies of a pyramidal form, which bear the most important part in the 
mechanism of the larynx as an organ of voice. These two bodies are exactly alike, 




t, basement or cricoid cartilage rest- 
ing on the cylindrical windpipe ; 
ft, protecting cartilage or thyroid 
cartilage; <;, valve-like cartilage or 
epiglottis. 




ee. Pyramidal or arytenoid ear- 
tilages ; a, cricoid or basement 
cartilage ; ee, the tongues or 
proper vocal cords, called also 
vocal ligaments, also aryteno. 
theroid ligaments and inferior 
vocal ligaments; //, the ven. 
tricles of the larynx ; d, the 
epyglottis. 
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and are placed almost dose togeth^jr, like tw6 miniatiire obelisks set on end. The 
connection of their inferior extremities -with thd basement ring of the larynx, is by 
articnlation, viz. by a true joint, like the shonldsr-joint ; that is to say, they are 
movable on the cartilaginous ring which supports theM. From the one to the other, 
on their posterior aspect, muscular fibres extend, by the ctmtraction of which these two 
minute pyramids are made to approximate together. From the fore part of each, near 
their bases, an elastic substance proceeds forwards, converging, to interlace with its 
fellow at the anterior part of the larynx ; that is to say, a minute somewhat triangular 
space is formed by two portions of elastic tissue, which cross the basement ring of the 
larynx fh)m behind forwards, the base of this triangle being the space between the two 
pyramidal bodies just spoken of and its apex behind, a portion of the larynx to be 
presently alluded to. This triangular space between these two portions of tissue, vocal 
ligaments, as they are called, is the aperture by which the breath enters and issues in 
respiration, and by which, when contracted to a narrow chink, the air is forced through 
in the exercise of voice. These, then, are the most essential parts of the larynx ; the 
two pyramidal bodies each resting on the posterior part of the basement ring, while the 
two ligaments proceed forwards, each from the base of one of these pyramids, to form 
a triangle, the apex of which is so directed as to be over the anterior part of the 
aperture of that basement ring. It is manifest that when these two minute pyramids 
are drawn close together by the action of the muscular fibres, the base of the triangular 
opening is diminished, so that the posterior or wider part of the opening becomes 
obliterated ; also, if the apex of this triangle be drawn forwards, that the sides formed 
by the two vocal ligaments wiU stiU farther approximate. Such, then, are the two 
actions by which the triangular aperture is reduced to a minute chink, namely, by the 
points to which its base is attached being made to approximate, and its apex being 
drawn forwards. 

Other muscular fibres are so disposed as to antagonise the forces which close the 
aperture ; two sets of fibres on each side extend from the basement ring inwards, to be 
attached to the pyramidal cartilages, by which they are drawn asunder, and the base of 
their rectangular aperture again restored to its former extent. 

Several important, yet less essential parts of the larynx, remain to be described. 
The anterior narrow part of the basement ring supports that great prominence which 
constitutes Adam's apple. This is by far the largest portion of the larynx, but may be 
regarded merely as a defensive plate guarding the essential parts of the organ from 
injury. When the finger is placed upon its upper margin, and directed a little upwards, 
a hard, wire-like circle is felt ; this is the convexity of the hyoid bone, or bone of the 
tongue, which has intimate connections, by ligaments and muscular fibres, with many 
adjacent parts, so that it is rendered, as it were, a centre of motion. Hence, when the 
hyoid bone is raised, many of the adjacent parts follow its movements. The hyoid 
bone is described as having the shape of the Greek upsilon, the convexity being 
directed forwards, and to be felt immediately above the great cartilage of the larynx. 
This great cartilage, then, termed the thyroid cartilage, may be described as a quadri- 
lateral sheet of cartilage, with appendages at its four angles, named its comua, 
or horns. This quadrilateral sheet is bent along its perpendicular middle line, and this 
bending constitutes the angle which is felt in Adam's apple : the upper horns are 
attached to the hyoid bone, the imder horns to the basement ring before spoken of. 
Thus the thyroid cartilage is wrapped round the essential parts of the larynx, in front 
covering them in, leaving them exposed behind. The prominent angle in front cor- 
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responds to an interior angle on its posterior aspect ; and to the middle part of this 
interior angle extends the apex of the triangle formed by 
the Tocal ligaments, and there obtains an attachment. 

A moyable yalye, like a little tongue, its apex directed 
backwards, is attached to the same interior angle of the 
protecting cartilage, a little higher up, overhanging the 
cayity of the larynx. Between the same interior angle of 
the anterior protecting cartilage, and the two movable 
posterior cartilages before described, muscular fibres 
proceed, by the contraction of which those triangular 
movable cartilages are drawn forwards, so as to relax 
the elastic cords, already termed vocal ligaments. From 
the same interior angle of the protecting cartilage, an 
elastic substance proceeds, radiating in different direc- 
tions, so as to dose in the parts otherwise unoccupied 
above the lateral portions of the basement ring of the 
larynx. This elastic substance, in particular, forms two 
cords, extending between the superior points of the 
movable triangular cartilages and the sides of the tongue- 
like valve before spoken of. These cords constitute what 
have been termed, somewhat improperly, the superior vocal 
ligaments. When the space beneath these so-called superior vocal ligaments and the 
true vocal cords, or vocal ligaments, is examined, a cavity is found on each side of 
considerable extent ; and the two cavities are called the ventricles of the larjmx. The 
mucous membrane, descending from the mouth and nostrils, covers and forms a lining 
to these parts in its passage downwards into the windpipe and lungs ; so that the 
so-caUed superior ligaments of the larynx are often described as mere folds of the 
mucous membrane, extending between the posterior pyramidal cartilages and the 
protecting cartilage. It appears, however, from more minute investigation, that these 
folds of the mucous membrane do actually contain an elastic substance, not less capable, 
under certain circumstances, of vibratory action than the true vocal cords, or true vocal 




;, the cricoid ; 5, the thyroid ; 
df the epiglottis. 



To recapitulate, then, the prominent points in the conformation of the larynx— the 
windpipe, called by anatomists the trachea, is surmounted by a complete cartilaginous 
ring, about an inch in diameter. This ring is the only outlet of the lungs by which air 
can issue from their numerous cavities, and is the only inlet by which air can penetrate 
from the atmosphere into the same cavities. This ring, being of a firm cartilaginous 
structure, is plainly incapable, under any ordinary circumstances, of dilatation and 
contraction. But tiie air is permitted neither to pass inwards, nor to come forth throu^ 
the whole area of this cartilaginous ring, whether in respiration or in the exercise of 
voice. Its area is closed up on each side by impervious texture, so as to permit a 
passage to the air only by a chink, variable in its size, extending in the direction of its 
antero-posterior diameter. This chink is bounded, according to the common descriptions, 
by the vocal ligaments. It is more accurate to say that this chink is bounded in its anterior 
part by the vocal ligaments, one on each side, and at its posterior part by the cartilaginous 
processes of the base of the movable pyramidal cartilages to which these cords are 
connected. This chink, when most expanded lengthways, is about eleven lines in 
length, and of this space seven lines lie between the vocal ligaments, and four between 
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the opposite cartilagmous bases of the pyramidal cartilages, aboye spoken of, to wMch 
anatomists giy^ the name of arytenoid. This chink, as aboye stated, is usually described 
as triangular, with its base between the two arytenoid cartilages, and its apex attached 
to the anterior angle of the protecting cartilage, aboye spoken of, to which anatomists 
give the name of thyroid. More correctly, at its greatest dilatation, it has a lozenge 
shape, with the posterior angle truncated. Thus the chink commences narrow imme- 
diately behind the thyroid cartilage, expands between the yocal ligaments to their 
attachment at the base of the arytenoid cartilages, and then contracts in the space 
between the cartilaginous bases of these two bodies, not to a point, but to a truncated 
angle. The widest part of the chink, in its greatest state of dilatation, is about fiye 
lines and a half— nearly half an incb. This greatest degree of dilatation takes place 
during inspiration ; during expiration, the chink undergoes a slight contraction. But 
during the exercise of yoice, the posterior part, bounded by cartilaginous margins, as 
being between the base of the arytenoid cartilages, is entirely obliterated. Thus it is 
correctly stated, that the chink, concerned in the exercise of yoice between the true 
vocal ligaments, at its greatest dilatation, is of a triangular shape, being entirely 
bounded on the sides by the yocal ligaments, and its base corresponding to the points 
between their attachment to the arytenoid cartilages. As before stated, the arytenoid 
cartilages are attached to the upper surface of the posterior part of the basement carti- 
lage of the larynx, or cricoid eartilage ; and the yocal ligaments being attached to the 
bases of these arytenoid cartilages, it is manifest, that when these cartilages are drawn 
together, the yocal cords must upproximate ; that when these cartilages are drawn 
asunder, the yocal cords must recede from each other at their posterior part ; that when 
the arytenoid cartilages are drawn backwards, the yocal cords must be put on the 
stretch; that wben the thyroid cartilage, to the interior of which, the apex of the 
triangle, formed with the cords, is attached, is drawn forwards, they must also be put on 
the stretch. All these changes are known to occur by the action of particular sets of 
muscles. The thyroid cartilage, which forms '* Adam's apple,'' is connected to the base- 
ment, or cricoid cartilage, by an elastic membrane, which of itself tends to keep the 
thyroid cartilage nearly in the same perpendicular line with the cricoid, so as, in some 
degree, to stretch the yocal ligaments. But there are two muscles extending between 
the cricoid cartilage and the thyroid, by which the thyroid cartilage is drawn forwards, 
so as distinctly to stretch the yocal ligaments. There are also two muscles extending 
between the posterior part of the cricoid cartilage and the posterior surface of the 
arytenoid, by wliich the arytenoid cartilages are drawn back. These two pairs of muscles, 
when they act concurrently, must yery much stretch the yocal ligaments. A set of 
muscular fibres, before spoken of, passing between the arytenoid cartilages on 
their posterior aspect, by their contraction causes the cartilages to approximate. 
Two other muscles, extending from the sides of the cricoid cartilage to the ary- 
tenoid, draw them asunder. Some other muscular fibres are found connectmg the 
cartilages of the larynx; but the account of these, owing to their less importance, may 
be omitted. 

The small musdes of the larynx are represented in the annexed figures (page 124). 
The crico-thyroidei (d, fig. 1, o, fig. 2), and the crico-arytenoidei postici (6, fig. 2), 
extend the yocal cords in the direction of their length, and, at the same time, narrow 
the glottis. The crico-arytenoidei laterales (#, fig. 2), and the thyro-arytenoidei {d, fig. 2), 
rather relax the yocal cords. The oblique and transyerse fibres of the arytenoideus 
{e and/^, fig. 2) dose the posterior half of the glottis. The epiglottis (JT, fig. 2) forms 
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a yalye, wliich can be brongjht oyer tlie glottU by fine muBcular fibres attached at b and 
•*(%.2). 





Such, then, are the parts of the larynx which must be explained to render the 
phenomena of yoice intelligible. 

The larynx, like other organs of the body, is largely supplied with blood by the 
common blood-yessels. Two neires on each side are deyoted to the actions of the 
larynx. These neryes are from the eighth cerebral pair : the superior laryngeal nerye 
is expended chiefly on the mucous lining of the larynx ; the inferior laryngeal nerye, 
deriyed from the recurrent of the eighth iwir, sends minute filaments to the seyeral 
muscles concerned in the moyements of the larynx. 

Besides the moyements of the component cartilages of the larynx on each other, 
attention must be paid to the motion of the whole larjmx upwards and downwards. This 
motion takes place constantly in the act of deglutition, but also on many occasions when 
the yoice is exercised, particularly in singing. When the whole larynx is raised, the wind- 
pipe is drawn proportionately upwards from the chest, and so put on the stretch. This 
moyement has unquestionably some effect in extending the compass of the yoice. It 
was before stated that the hyoid bone is connected to the protecting cartilage of the 
larynx, and that when this bone is drawn upwards, the larjmx is drawn upws^ds along 
with it. The hyoid bone is drawn upward by muscles attached in particular to the 
lower jaw, and also to the temporal bone of the skull. The hyoid bone is drawn 
downwards by muscles attached to the superior part of the breast-bone and to the 
shoulder-blade. From the u-pper part of the breast-bone a pair of muscles ascends, to 
be attached to the thyroid cartilage of the larynx, and a pair of inusdes also extends 
between the thyroid cartilage and the hyoid bone. Thus ample proyision is made for 
the moyement of the whole larynx in concert with the moyements of the hyoid bone. 

A few words must next be deyoted to the cayities through which the air passes out- 



Digitized by 



Google 



ORAL AND NASAL CANALS* 124 



wards after issuing ftom the larynx. Behind the larynx is the cayity of the pharynx, 
situated in front of the cenrical yertebi'SB, and ascen^g to the inferior aspect of the 
base of the skuU. This cavity, not improperly termed the posterior cavity of the 
mouth, communicates with the nostril above, and on either side, by a narrow canal, 
called tlie *^ Eustachian tube," with the cavity of the drum of the ear. This posterior 
cavity of the mouth is divided from the anterior cavity by the veil of the palate, a 
musculo-membranous movable curtain, which by its motions more or less completely 
divides the anterior frt>m the posterior cavity of the mouth. The movable, tongue-like 
valve, before spoken of, termed by anatomists the epiglottis, overhangs the orifice of the 
larynx ; the arches of the palate descend on either side, possessed of a muscular character. 
From the union of diese above the uvula hangs down. The tongue, free and movable 
in its anterior part, forms the floor of the whole passage between the root of the epi- 
glottis and the incisor teeth of the lower jaw. The muscular mass forming the cheeks 
contracts the cavity of the mouth on the sides, and the lips by their mobility variously 
modify the aperture by which the air issues. 

Thus the air iRgiiiTig from the larynx may pass out either by the nostrils or the 
mouth. It passes out by the nostrils when tiie mouth is dosed, or even when the 
veil of the palate descends. When the veil of the palate is raised, and the mouth is 
opened, a free passage is afforded, through what has been called the oral canal, out- 
wards. The oral canal is manifestly capable of much greater modification as to size, 
than the passage of the nostrils. 

** The tongue, the lips, articulate ; the throat, 
With Boft vibration, modulates the note." — Darwin. 

On the Kuman Voice* — ^In the investigation of the human voice, two points in 
particular deserve attention — first, the inquiry into the precise seat of the sounds ; and 
secondly, into the mode in which these sounds are produced. 

As to the first question, it is now determined, beyond all doubt, that the sound of 
the voice is generated in the glottis, and neither above nor below that point. Before 
going further, it should be remarked that this word glottis has not always been used in 
exactiy the same sense. " By turns," says the eminent French physiologist, Addon, 
<< the superior aperture of the larynx, its inferior aperture, and the intermediate space 
between these two apertures, has borne the name of glottis ; but, according to the 
etymology of the word, derived frx>m 7X00-0-0, the tongue, the speech, no other part 
of the larynx should be called by that name but that where the vocal sound is formed^ 
and we shall see that that part is the inferior aperture or chink." — Fhysiologie de 
L'Somme, ii. 256. In this sense alone, then, the word glottis is here employed, namdy, 
to signify the aperture between the two vocal ligaments, that is, between the two inferior 
vocal cords, as they are sometimes called. 

Among the proofs that this chink, or glottis, is the seat of voice, it may be men- 
tioned, that if an aperture exist in the windpipe, the sound of the voice ceases. Such 
an aperture is frequentiy formed in man as a surgical operation, and an opening has 
often been made in the same dtuation in auimals iqr the purpose of experiment. Also, 
when an opening exists above the glottis, that the voice is not lost. Again, that though 
the epiglottis, the superior vocal ligaments of the larynx, and the upper part of the 
arytenoid cartilages, be injured, the voice is not lost : moreover, that in living animals, 
when the glottis is laid bare, it is seen that the inferior ligaments of the larynx which 
form the boundaries of the fissure tenned glottis, are thrown into vibration : it is known, 
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too, that the diyision of the laryngeal nerves supplying the mnscles, which regiilate 
the states of the aperture, and make the vocal cords tense, destroys the power of pro- 
ducing vocal sounds. It is also found that sounds can be produced in the dead human 
body by forcing a ourrent of air from the windpipe through the larynx, provided the 
vocal cords be in some degree tense and the glottis be narrow. The larynx has. been, 
cut from the body, and freed from all the parts in front of the glottis ; thus, th« epi- 
glottis, the upper vocal ligaments, and the ventricles of the larynx between the superior 
and inferior, or vocal ligaments, the greater part of the arytenoid cartilages, namely, 
their upper part, may be removed— in short, if nothing remain but the inferior liga- 
ments or vocal cords, and these be so approximated that the glottis shall be narrow, 
dear tones will be produced by forcing air through it from the windpipe. 

Such facts as these entitle us to regard the glottis and the vocal cords, which form 
its immediate boundaries, as the essential source of voioe, while the windpipe simply 
conveys air, and the cavities above the glottis, comprehending the upper part of the 
larynx and the air passages through the mouth and nostrUg, correspond to the tube oi 
a musical instrument, by which the sound is modified but not generated. 

It has been already remarked that the vocal ligaments are composed of elastic tissue, 
and that it is owing to this elasticity that they are adapted to the office which they 
perform. While, then, it is quite certain that no proper vocal sounds can be produced, 
except in the glottis, it seems manifest that the adjacent somewhat abundant tissue of 
the same kind is susceptible of a vibration and resonance in unison, so as at least to 
modify the sounds of the voice. 

In reference to the second question— what is the nature of the change produced in 
the glottis during the formation of voice — ^no inconsiderable difficulty is met with. The 
points of debate which have arisen on this subject are, whether the vooal ligaments be 
a set of membranous cords obeying the laws of musical strings ; if the aperture of the 
glottis be a reeded instrument, in which the vocal ligaments play the part of vibrating 
tongues; or even whether the real source of the sounds of the voice be not a molecular 
vibration of the air, produced by its passage through the narrow aperture of the glottis ; 
and, lastiy, whether the organ of the voice does not in part combine all these three 
sources of sound, so as to be at once, in some respects, a stringed instrument, a tongued 
instrument, and a simple wind instrument. 

The ancients regarded the sounds of the voice as analogous to those of a flute. 
According to this view, the vibrations of the larynx are of littie accoimt, the actual 
sounds being produced by a molecular undulation of the aur. That the organ of voice 
is not, in some degree, analogous to this kind of musical instrument, is not to be abso- 
lutely denied, but it is certain that this is not the principal mode in which the sounds 
are produced. 

One of the earliest ideas of modem times on the subject of the voice is, that the 
larynx is analogous to a horn ; that is to say, to a wind instrument, in which the vocal 
cords act the same part as the lips of the performer on a horn. Not much more than a 
hundred years ago arose the idea that the huynx is a set of musical cords — ^namely, that 
the vibrations of these cords, on the same principle as a stringed instrument, produce 
the sound, which was then conveyed outwards by the air. 

The prevailing opinion of the present day is, that the larynx is a wind instrument, 
but a reeded wind instrument. 

This common view may be expressed as follows: — ^the expired arris thrown into 
the larynx through the windpipe by the muscular action of the chest; the proper 
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muscles of ttie larynx hevng contracted, create a suflcient tension of ^e vocal cords to 
permit them to be thrown into yibrationhy tie impulse of Hie air. The sound so ^ 
duced is conveyed through the mouth and nasal passages, undergoing various modiflca- 
tions in its passage outwards. . -. t * ♦!» 

Let us consider, then, in the first place, what evidence there is that the organ of the 
voice is a reeded instrument, with a 
double inembranous tongue. 

In short, the action of the organ 
of voice may be best explained in 
general terms, by comparing it with 
the pipe of an organ. Let us sup- 
pose f (Fig. 1), to be the wind- 
tube, into which the air is driven 
from below ; b, the stopper, in which 
is placed the tongue ; a, and «, the 
body-tube ; and let there be a pipe, 
(Fig. 2), to the wind-box, ee, and 
the air be driven from the bel- 
lows, //p, through «. The air throws 
the tongue, a (Fig. 1), into a state 
of vibration, and passes out in un- 
dulating movements from the body- 
tube. Such ia a general view of the 
nature of voice. 

An experiment has been before 
referred to, which iUustrates the 
effect of an elastic organic tissue, 
like that of the vocal ligaments, in producing sound on the principle of a double 
tongue. The extremity of a tube is closed by two bands of moist elastic tissue, for 
example, arterial tissue, so applied as to cover the whole end of the tube, with the 
exception of a slight fissure between the bands. In the experiments before referred to, 
India-rubber, or leather, was mentioned as being employed for this purpose. Both these 
substances produce a similar effect, but it appears that the middle arterial coat, being 
composed of the same tissue as the vocal ligaments, and having the same physical pro- 
perties, fbrms the best kind of artificial larjmx. When this tube is blown through at 
the free extremity, the tongues not only vibrate readily, but produce a range of musical 
tones. To obtain a pure quality of tone, it ia necessary that the two membranous bands 
should be of equal weight and breadth, and subject to equal tension, otherwise they 
cannot vibrate equally in equal parts of time. 

If the human larynx be dissected out, and the vocal cords be stretched, they will vibrate 
like a piece of artificial tissue, such as India-rubber or leather, in a current of air. In 
conducting these experiments, the same conditions must be secured as are required in the 
experiment with the tube, and the two membranous laminse, before referred to. For 
example, the inner edges of the glottis, that is to say, of the vocal ligaments, must be 
turned outwards towards each other, so that they shsJl be in the same plane and parallel 
to each other, otherwise they will not produce any sound. Hence it may be inferred, 
that when the tension of the vocal ligaments takes place in the living animal, they turn 
upon their axis, till their planes, which, in the state of relaxation, are inclined to the 
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axis of the yocal tul>e, become perpendicular to it, and as the edges of the glottis approxi- 
mate, its chink is nearly or entirely dosed, and they acquire the true yibrating posi- 
tion. The production of the most simple tones of the yoioe requires the associated 
action of a most eztensiye range of organs; for it is calculated that in the ordinary 
modulation of the yoioe, more than one hundred muscles are brought into action at the 
same time. 

As the air rushes upwards from the windpipe, a portion of each edge of the glottis 
yields to its pressure, and is curyed upwards, so as to form an angle with the axis of 
the yocal tube, and leave between the two edges a narrow aperture, through which the 
air escapes. The tension and elasticity of the yocal ligaments tend to restore them to 
the plane of their former position. The air haying been rarefied below the glottis 
during their eleyation, becomes dense from their depression, and the necessary force 
being again accumulated, they are re-eleyated, and thus an oscillating movement, con- 
sisting of an opening and closing of the glottis, takes place, which being communicated 
to the contiguous air, the sounds of the voice are produced. 

The vibrating edge of the glottis varies in length according to the pressure of the 
colunm of air in the windpipe, and the resistance of the yocal ligaments. When other 
circumstances are alike, the intensity of the voice is determined by the pressure of the 
column of air in the windpipe, and the range of movement described by the vibrating 
edges of the glottis. The pitch of the voice does not depend solely on the tension of 
the yocal ligaments, but jointly on the variations which they undergo in length and 
tension. Magendie observed, in the larynx of a dog, that a longer portion of the vocal 

ligaments vibrated while grave tones were pro- 
duced, and that a diminution of length accom- 
panied the succession of acute tones. Mayo has 
described the movements of the glottis in a man 
who had attempted to destroy himself by cut- 
ting his throat. The larynx in this case was 
cut through just above the vocal cords, and, 
owing to the oblique direction of the wound, an 
injury of the arytenoid cartilage and of the vocal 
cord on one side had occurred. When respiration 
was going on, the glottis was seen to be of a 
triangular form, but when the voice was ex- 
erted, the vocal cords passed into a parallel 
direction, and the glottis itself had a linear 
form. The posterior part of the aperture ap- 
peared to remain unclosed. 

The cut represents the prepared head of a 
corpse, after Miiller. A thread e, which passes 
over a roller to a scale, is so applied to the larynx 
that the tension of the vocal cords can be in- 
creased by placing a greater weight on the 
scale. The action of the muscles is thereby 
imitated. The compressing apparatus seen on 
the wood-cut brings the vocal cords nearer to 
each other, and thus produces the requisite diminution in the width of the vocal fissure. 
The tube / serves to convey the wind, which throws the tongue-apparatus into action. 
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And thus, if we use the humaxi head, or the head of the dog, or of the pig, or of any 
other animal, we can imitate the voice of man, the bark of the dog, the gnmt of the 
pig, &c. 

Membranous tongues, like those in the larynx, differ widely from a metal tongue, 
shutting up the aperture, and necessarily opening and closing as the air issues. 

Objections have been taken to the view which represents the voice as the result 
of sounds produced by membranous tongues set in motion by air, 1st, That the vibra- 
tion of tongues consists in the periodical opening and shutting of the orifice through 
which the stream of air passes, this liot being the case in the glottis ; 2nd, That 
had it the structure of a reed, the edges of the vocal ligaments which open the 
chink would be alternately separated by the column of air in the larynx, and 
drawn together by their tension, while it has been found by experiment that air 
transmitted through the glottis gives rise to sound, notwithstanding that its edges are 
from one-sixth to one-fourth of an inch asunder In these objections, however, 
there is a mistake as to the essential principel of re^ds — for those of the clarionet, 
bassoon, hautboy, &c., fail to dose entirely the passages through which the breath 
escapes; and the case is not otherwise with the natural reed, which the lips of 
players on the flute and horn represent. In short, a sound can be produced by 
a tongue apart from the surrounding framework, indicating, beyond doubt, that 
so much importance should not be ascribed to the usual mode of forming reeded and 
tongued instruments, and to the circumstance of the air passing between the tongue and 
its frame. It has been shown that the law by which the variation in the notes yielded 
by the tongue of a mouthpiece or reed is regulated, is the same when the tongue 
is made to vibrate by a current of air, as when it is thrown into vibrations by being 
struck or inflected. By the same law are regulated the vibrations of vibrating rods ; 
the frequency of the vibrations of two rods of the same texture and thickness being in the 
inverse ratio of the squares of their length. The note afforded by a reed without a tube 
is of the same pitch, whether it be the result of a current of air, or be produced by 
striking the tongi^e. The strength of the blast does not, for the most part, determine 
the pitch or sharpness of the note ; but when the force of the blowing is increased, the 
strength of the tones is augmented. The size of the fissure between the tongue and the 
frame within which it vibrates, is of litUe consequence ; when the opening is large 
there is a greater difficulty in obtaining the tone, but its pitch is not altered. 

Some dight difficulties may still exist in the explanation of the theory of the voice 
OS considered to be chiefly the result of a double vibrating tongue ; but, altogether, as 
dose a resemblance has been proved to exist between that kind of artiflcial musical 
arrangement and the structure of the Uving larynx, as can reasonably be expected 
in such a case. 

It was already hinted that the vocal ligaments may possibly act not only as vibrat- 
ing tongues in the production of voice, but also on tiie principle of musical strings. 
On this point a few words must be added. It may seem at first sight that the remark 
of so distinguished a philosopher as Biot, when he says, ** What is there in the larynx 
that resembles a vibrating string ? Where is the spac% for such a string of suffident 
length to yield the lower notes of the voice ? How could sounds, of the compass which 
the human voice represents, be produced by a string which the larynx would contain ?'' 
would suffice altogether to set aside the idea of the vocal cords acting as musical strings. 
But Biot here seems to have fallen into error. Deep notes are still produced by a string 
greatly shortened, if it retain, after a sufficient amount of relaxation, the elastidty 
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required for yibralion. His attention does not seem to hare been drawn sufficiently^ to 
the nature of organic membranes, strips of India rubber and elastic animal membranes 
still retaimng enough of elasticity for this purpose, after being much relaxed. There 
is, therefore, a perfect agreement between the yocal cords and vibrating strings, though 
their vibrations, whether as strings or as tongues, are produced not by the direct impuUe 
of a solid body, but by the momentum of air. When the ordinary principles to which 
musical strings are subject are applied to the vocal ligaments, there is found to be a very 
close agreement, if allowance is made for the peculiarities of elastic ftnim^l substancee 
as respects elasticity and the like. 

In their ordinary state, the vocal cords must be regarded as subject to a considerable 
tension, which, however, admits of being diminished, so as to add to the range of the 
lower notes. At the ordinary pitch of the voice, the glottis may be regarded as par- 
tially closed, and becoming more open as graver tones are produced ; this opening of 
the glottis coinciding with the relaxation of the vocal cords, a double cause is afforded 
of the lowering of tone. W^ien higher notes are uttered the glottis closes, aagnmiT^g 
more of a linear form, while, at the same time, the vocal ligaments, Ihough elongated, 
are thrown into a much higher state of tension. In the words, then, of Mr. Bishop, 
<< since the vocal ligaments have been proved to extend and contract for acute and 
grave sounds respectively, and after death vibrate in a great measure like musical 
strings, we think it may be fairly inferred that they likewise obey, to a certain extent 
during Ufe, the laws of the vibrations of such strings.'' * * * * " It is 
moreover observable, that the extension and relaxation of the vocal cord, which, as we 
have seen, are analogous to those of a musical string, produce a corresponding shorten- 
ing and elongation of its axis, regarded as a tongue ; and, lastly, since one tone only 
is produced at a time, the vibrations resulting from the double action which appears to 
exist in the vocal apparatus must be synchronous." * * * ♦ " It might possibly 
be objected to the idea of this two-fold action, that the production of sound by the 
vocal cords is sufficiently accounted for by supposing them to vibrate merely as elastic 
tongues ; but then it is found by experiment, that by artificially dividing their length 
into two ventral segments, there results the octave of the ftindamental note, wl^ch 
proves that at all events they vibrate as cords. In conclusion, we must bear in mind 
the vast difference between natural and artificial mechanism, and however complicated 
a problem it may be to detennine that constitution of the vocal apparatus, by which 
the thyro-arytenoid ligaments may simultaneously obey the laws of cords and tongues, 
yet to a physiologist who is accustomed to meet with the most admirable contrivances 
and combinations in the animal frame, the difficulty of finding a strictly mathematical 
Boljition is, in such a case, no objection to its truth, when the fsu^ts, as &r as they have 
been observed, are deoidfidly favourable to its Teality.**—Oyelopadia of Fhysiology^ artieU 
Voice^ p. 1481. 

It was before hinted at, that the vibrations of the walls of the tubes through which 
the voice is conducted may, in some degree, influence its sound. In rigid tubes, the 
vibrations depend on the nature of the impulse propagated in the air within, jointly 
with the length of the pipe. So long, then, as the length of the pipe remains the ««>t«p^ 
and no change takes place on the material of its waUs, the pitch of the sound produced 
by the undulations of the air within, remains unaffected. The dimensions of Ihe wind- 
pipe, such as its length and diameter, are invariable ; and, were the height of the 
larynx, and the dimensions of the bifid tube (the nose and mouth) through which the 
air issues after the Ibrmation of voice, equally invariable, the vibrations of these parts 
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would produce no change on the pitch of the voice, the quantities heing constant for 
each tone produced in the glottis. It has been found that, by taking tubes composed 
of layers of paper, of constant length, but varied in thickness, graver sounds were pro- 
duced as the parietes became thinner, and that the gravity of the sound was increased 
by moistening and relaxing the sides of the tubes. It was before noticed, that the 
windpipe is capable of being drawn upwards fix)m the chest to a small extent, while the 
larynx is elevated, and that this tube admits of being diminished in its diameter by 
about one-third part. Moreover, the pharynx, the mouth, and the nasal cavities are 
also susceptible of various modifications of diameter, so that the pipe, so to speak, near 
the middle of which the vocal sound is produced, is in a very different condition from a 
rigid tube. Hence, it has been concluded that provision is made for an invariable 
adaptation between the amount of tension, the vibrating length of the vocal liga- 
ments, and the walls of the vocal tube, for the production of the ordinary tones of the 
voice. It appears, indeed, to have been proved that the vocal tube is so short, that 
were it rigid, it could not influence the pitch of the note which the glottis originates. 
But its want of length is compensated for by the relaxation of its walls, so that it comes 
to vibrate synchronously, and so to give forth sounds equally grave with those of the 
glottis. Its effect, therefore, is to add to the force of the tone, which, without its aid, 
would have been found to possess less intensity. 

After considering this subject in every possible light, the conclusion appears to be 
that to which Mr. Bishop has come, namely, that the evidence shows " the vocal appa- 
ratus to be influenced by the air expelled from the chest, in precisely the same way as 
if it were a stretched cord, a reed, or a vibrating tube. Why, then," he continues, 
" should we hesitate to adopt the obvious conclusion that the vocal organs do, in fact, 
combine the properties of these various instruments, and are thus the perfect types of 
which these instruments are only imperfect imitations ?" 

Singing.— The notes of the human voice are capable of being produced in three 
8ex>arate kinds of sequence. In ordinary speaking, the successive notes have nearly 
aU the same pitch. This.kind of succession, then, is properly termed the monotonous. 
Some deviation from this monotony occasionally arises, as when certain syllables 
receive a higher intonation for the sake of accent, and when, in reading or reciting 
poetry, rhythm is added to the accent. In these cases, however, the deviation from 
monotony of pitch is too slight to require a separate head. In the expression of passion, 
accompanied by vehement exercise of the voice, there is heard a sudden transition from 
high to low notes, or the reverse. This, then, constitutes the second kind of sequence 
in the notes of the human voice. Musical notes constitute the third mode of sequence. 
In music the sound has the requisite number of vibrations, and as the sounds succeed 
each other they exhibit that relative proportion in the number of vibrations which 
jointly characterize the notes of the musical scale. Of the adaptation of one sound 
to succeed another, so as to preserve the musical character of the succession, the human 
ear is the only original standard. * 

Compami of the Voice.— In siDgors the compass <^ the v(nce extends through 
two or three octaves. When the male and female voices are taken together, the entire 
scale of the human voice includes four octaves. The lowest note of the female voice 
is about an octave higher than the lowest of the male voice ; the highest of the female 
voice is about an octave higher than the highest of the nude. The first four notes of 
all voices are most commonly weak. There are two kinds of male voice, the bass and 
tenor ; and. two Idnds of female YQice> the oontn^to^ and soprano. The essential dis- 
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tinctioii between these voices does not consist in their difference of pitch. The bass 
voice commonly reaches lower than the tenor, and its strength lies in the low notes ; 
while the tenor voice extends higher than the bass. The contralto voice has most 
commonly lower notes than the soprano, and is strongest in the lower notes of the 
female voice ; while the soprano voice reaches higher in the scale. It is found, how- 
ever, that bass singers can sometimes go very high, and the contralto not unfrequently 
sings the high notes like soprano singers. The difference between the bass and tenor 
voice, and between the contralto and soprano, is plainly, then, not one of pitch, but 
consists in the peculiar timbre or quality of the notes— for these several voices are dis- 
tinguished from each other even when sounding the same note. The qualities of the 
baritone and mezzo-soprano voices are less marked ; the baritone being intermediate 
between the bass and tenor, the mezzo-soprano between the alto and soprano. 




Basso. 



Baritonb. 



Tenob. 







Alto. 



Mezzo-Soprano. 



Soprano. 



The difference of pitch between the male and female voice is connected with the 
different length of the vocal ligaments in the two sexes. It appears that the lengths of 
the male and female vocal cords in repose are nearly as 7 to 5, and in tension as 3 to 2 ; 
in boys at the age of fourteen the length is to that of females, after puberty, as 6*25 to 
7,— so that the pitch of the voice is nearly the same. The difference in the quality of 
the female voice, as compared with that of the male, is owing to the considerable 
difference presented by the two sexes in the walls of the larynx; the male larynx 
being much more expanded, and forming a much more acute angle in front It is not 
yet clearly imderstood what is the cause of the different qualities of voice, as exhibited 
in the tenor and bass, and the contralto and soprano. As Muller remarks : <* We may 
form an idea of the cause of these differences of timbre, from recollecting that muaicfd 
instruments made of different materials, as metallic and gut-strings, metallic, wooden, 
and membranous tongues, metallic, wooden, and paper pipes, or flutes, may be tuned 
to the same note, but that each will give it with a peculiar quality or timbre." 
* In short, when the variations of the larynx in different individuals of both sexes, 
and at different ages, under the various circumstances more or less favourable to the 
development of the respiratory organs, are considered, as well as the remarkable fact 
that every human being is characterized by a speaking voice peculiar to himself^ we 
shall be at no loss to understand why the singing voice should vary in difilarent perBonay 
not only in pitch, but also in quality. 

The voice termed falsetto has much engaged the attention of physiologists. Moat 
singers, particulariy males, besides their natural voice falling under one or other of the 
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before-mentioned characters, have the power of producing a double series of notes, of a 
different description. To ike second series of notes the name of felsetto is applied. 
The notes of the natural voice — called also chest-notes — are fuller, and distinctly indi- 
cate a stronger vibration and resonance, while the falsetto voice has more of a humming 
character. It is only with the natural voice that the deep notes can be produced, 
while the highest notes of a male voice are falsetto. The notes belonging to a middle 
pitch may belong either to the natural or the falsetto voice. Thus the two registers, 
as they are termed, of the voice are not bounded in such a manner that the one ends 
where the other begins, as, through a certain compass, they run side by side. It is 
remarked that the bass voice becomes falsetto lower in the scale than the tenor. In 
the female voice there is less seldom presented a very marked distinction between the 
natural and falsetto registers. 

In a human larynx detached from the body two distinct series of tones can be 
produced, when the tension of the vocal cords is very slight. One of these series 
corresponds to the tones of the ordinary voice, the other to the tones of the falsetto 
voice. "With a certain degree of tension of the vocal cords both these kinds of tones 
may be produced ; sometimes the one kind, sometimes the other, being heard. With a 
different kind of tension of the cords, notes of the falsetto character are constantly 
produced^ whether the current of air passing through the glottis be forcible or feeble. 
If the vocal ligaments be much relaxed, the sounds of the ordinary voice always residt, 
whether the current be feeble or forcible. When a slight tension of the Ligaments is 
kept up, the fidsetto is most easily produced by blowing very gently; while if the 
blowing be more energetic, the sound belongs to the ordinary voice. Thus, two different 
notes may be produced, under the same degree of tension of the ligaments, by a 
different force in the blowing ; and the distance of these two notes from each other 
may be as much as an octave. '^ The real cause," says Mtiller, ** of the difference 
between the fedsetto and the notes of the natural voice is, that for the former the thin 
aperture only of the lips of the glottis vibrates, while for the latter the whole breadth 
of the cords are thrown into strong vibrations, which traverse a larger sphere." The 
peculiarities of the voice in different iadividuals must be chiefly dependent on the 
particular form of their air-passages and of the lining membranes, and the consequent 
differences in their mode of resonance. That such causes are adequate to produce aU 
the varieties of the voice in individuals, appears from the circumstance that many 
persons, by altering the form of their vocal organs, can imitate the various tones of the 
voices of other individuals. 

The nasal quality of the voice is determined by like causes. This nasal tone 
appears to be given to the voice in two ways ; thus a nasal sound is produced, though 
the external openings of the nostrils be closed when the arches of the palate approach 
each other, and the larynx ascends higher than in the natural voice. When the 
nostrils are obstructed by mucus a nasal sound is produced ; this obstruction having 
the same effect as the voluntary closure of the anterior opening of the nostrils. In the 
second mode by which the nasal sound is produced, the nostrils are open, the larjrnx 
ascends considerably, the arches of the palate contract, the upper surface of the tongue 
ascends towards the palate, so that the air passes between the narrowed arches of 
the palate, and receives the resonance of the nasal cavities without that of the cavity 
of the mouth. The deficiency of tone m the voice of old people arises from the ossifi- 
cation of the cartilages of the larynx, and the altered state of the vocal cords. It is 
unsteady, owing to the loss of nervous command over the muscles. 
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The strength of the yoice depends partly on the extent to irhieh the yocal cords are 
capable of vibration, and partly on the great capacity of the chest, and the fitness of the 
yarious parts oyer which the air passes for communicating resonance. The intensity or 
loudness of a giyen note cannot be rendered greater by the mere augmentation of 
the force of the current through the glottis. Such an increase of force in the current 
will raise the pitch both of the natural and falsetto notes. It is therefore concluded 
that the yariation in the intensity of a note, without the alteration of its pitch, must 
depend on some other cause than the mere change in the force of the current. Such a 
proyision plainly lies in the power of modifying the tension of the yocal cords. To 
render a note more intense, without increasing its pitch, the yocal cords must be 
relaxed in proportion as the force of the current of the breath through the glottis has 
increased. When it is desired to render a note fainter, an opposite mode of action 
must be adopted. 

The failure of perfectness in the notes of the human yoice may arise &om many 
causes. Variations in the temperature of the atmosphere, and in its states of humidity, 
haye a powerful influence on the pitch of the yoice. "While a cold, moist state of the 
atmosphere prevails in this country, the voices of singers become lower by two or three 
notes, wlule they regain their usual pitch when the air becomes dry. Mr. Bishop 
mentions that when Grassini came to this country, owing to the change of th^ air from 
that of Italy, her voice became one octave lower. After singing for two or three 
seasons her natural voice returned, but it had lost its attractions with the loss of the 
low tones which had gained her so great applause. After long suiging dissonance of 
the yoice is apt to arise ; this is easily accounted for by the slight changes produced on 
the vocal cords in consequence of repeated tension, together with the fsitigue of the 
muscles concerned, which, as in other cases of muscular contraction, at length cease 
accurately to obey the will, and hence arise unsteady movements. 

Whistling. — Before leaving the subject of the human voice, whistling deserves a 
few words. The sound in whistling does not arise from the vibrations of the lips. 
Several experiments prove that the lips are not thrown into vibrations. They may be 
touched, covered, or may have a disc of cork with a central hole placed between 
them, and yet the same sounds wUl be produced. It has been supposed, then, that the 
air is thrown into sonorotis vibration by friction against the borders of the opening. 
According to Mitller, the catise of the vibration is the same friction of the air ; but 
the vibration p^duced upon the borders of the opening throws the whole column of 
air in the mouth into vibrations, and the vibrations of this column of air, by a reciprocal 
influence, determine the rapidity of the vibrations of the air at the orifice. The only 
difference, according to him, between whistling and the sounds of a pipe is, that in 
whistling the whole column of air is in constant progressive motion through the tube 
and orifice, while in a pipe the air in the tube merely vibrates, and does not move 
as a current. 

Speech. — Speech is peculiar to man. Because speech is not possessed by indi- 
viduals deprived of the organs of voice or of hearing, it is not, therefore, to be concluded 
that it originatefi in the mere possession of these organs. Inferior animals are fully 
provided with the organs both of heiu^ng and of voice, and yet, in all essential respects, 
they are destitute of speech. Speech, therefore, must be considered under the light of 
a potentiality of man's intelligence, the condition of the exercise of which is the pre- 
sence of the organs of hearing and of voice. That is to say, man is bom suso^tible, 
by the development of Hs nervous system, of the acquisition of speech, provided hit 
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vgaiiB of hearing and voice axe perfect But if man be bom susceptible of speecih, it 
may be asked, why does not the deaf-mute invent a language ? He does invent a lan- 
guage, but it is a language of expression independently of speech ; he fails to express 
his inward feelings by the use of speech, because the defect of hearing prevents him 
from discovering the sounds which his voice is capable of producing. His language, 
therefore, is confined to the other modes of expression by which an intercommunication, 
however imperfect, ca*% be carried on between men. The deaf-mute might undoubtedly 
carry the use of natu lal mgns of expression much farther, were he not overwhelmed 
and overpowered by the multitude of ideas which his fellow-men around him possess, 
and are continually striving to make him imderstand. It may also be asked if^ owing 
to this natural susceptibility of speech, every infant should not invent a language. In 
so far every infknt does invent a language, but as, long before any progress is made in 
its language, the sounds which it continually hears are caught up, it is impossible to 
judge to what extent each individual is capable of carrying such an invention. 

There is no more interesting speculation than to consider the several steps by which 
language must have arisen among men. It is easy to understand how, in the rudest 
community of mankind, conventional signs must have arisen of every description ; nor 
is it difficult to perceive that those sounds of speech which are most easily produced 
would quiddy form a large share of those conventional signs. But it forms no part of 
our present design to investigate the origin of languages ; it is more to the purpose to 
consider, in a few words, how men came to understand the several acts concerned 
in speech. At a certain period, then, in the progress of mankind, it appears that 
languages of no inconsiderable extent had already been formed, and yet that no atten- 
tion could have been paid to the individual sounds composing those languages. Men 
spoke, and in that speech employed words without the least reference to letters, and 
perhaps with none even to syllables. The curious inquiry, then, which arises is, in the 
first place, how men were led to reduce speech to letters ; that is, to analyze words into 
their elementary sounds. 

We may suppose that the diffi.culty of pronouncing certain sounds, such as the words 
of a foreign language, must have been the first circumstance which would lead men to 
reflect on the modes by which speech is produced. Man's natural curiosity would not 
fail to engage him more largely in this inquiry as soon as the subject was suggested. 
litde progress, however, could be made in this pursuit till some method of fixing the 
sounds by name, and of representing them to one's self^ or to others, at periods more or less 
distant from their first recognition, was invented. It may be supposed that men had 
already acquired the art of depicting objects of sight, were it no more than rude 
representations made with a rod on the sands left by a receding sea. The idea, how- 
ever, of representing a sound by such a symbol is plainly not of the same kind. To 
think of representing a soimd by a symbol is manifesdy a fi'esh step in discovery. It 
required, in short, an effort of invention to produce such a stretch of thought. But the 
moment the idea arose aU difficulty must have vanished. Nothing was easier than to 
observe the similar simple sounds occurring in the compound sounds which constitute 
speech. The mere observation of the form of the mouth, as certain simple sounds are 
uttered, would be sufficient to afford a foundation for this kind of knowledge. What 
the original symbols corresponding to our modem alphabets were, is of litde moment. 
The first alphabets, doubtless, consisted of the representatives of but a small number of 
sounds. It is easy, however, to perceive that as soon as this kind of investigation was 
fairly commenced, it would make rapid progress, there being no great difficulty in dis- 
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covering the collocation of the several parts of the mouth concerned in the producticm 
of most of the simple sounds. Thus, by an easy analysis, syllable-sounds would be 
reduced to letter-sounds, and each letter would quickly come to be marked by a parti- 
cular symbol. The most remarkable effect of this great discovery, simple as it seems to 
us, would imquestionably be the rapid midtiplication of sound-symbols — ^that is to sayy 
the vast extension of language. The greatness of the discovery hardly strikes us at 
the first sight. Some idea of the character of it is obtained from the fable of words 
spoken becoming frozen at the moment in their fixed forms, and not reaching the ear 
until the return of a more genial temperature. Letters, in short, are the pictures of 
sounds, by which any soimd now pronounced is perpetuated, while the picture itself^ or 
a copy of it, shall endure. 

Speech, then, consists of combinations of sounds produced in the larynx, and variously 
modified in their transition through the oral or nasal passages outwards. No language 
exhausts all the sounds which can be produced in the passage of the voice outwards in 
this manner. Languages may be described as composed of those soimds which are most 
easily produced in the passage of the voice from the larynx outwards into the atmo- 
sphere. And languages differ from each other chiefly by presenting various predominant 
groups of such sounds. The chief distinction of the sounds of speech is according as 
they are transmitted through the oral canal before spoken of^ or the nasal passage. 
Another important distinction between articulate sounds is, that some are only of 
momentary duration, taking place during a sudden change in the conformation of the 
mouth, and are not capable of prolongation by a continued effiision of the breath, while 
others can be prolonged all the whUe that a particular disposition of the mouth and a 
constant expiration are maintained. 

The same sound produced in the larynx is converted into any one of the vowel- 
sounds merely by a modification of the parts of the mouth through which it passes. 
The parts of the mouth concerned have been termed the oral canal and the oral 
opening. The oral canal, it is to be remembered, is the space between the tongue and 
the palate ; the oral opening is the aperture formed by the Hps. Some physiologists 
have described five degrees of size in each of these two parts— that is, five degrees of size 
in the oral canal, and five degrees of size in the oral opening. One sound, then, pro- 
duced in the larynx is converted into a, e^ t, 0, m, according to the modifications in the 
size of these two parts. Thus when the size of the oral canal is in the third degree, 
and the size of the oral opening is in the fifth or highest degree, the act of voice is con- 
verted into the sound of the English a in far. When the size of the oral canal is in 
the second degree, and that of the oral opening in the fourth degree, the sound of the 
English a in name is produced. When the size of the oral canal is in the first or lowest 
degree, and that of the oral opening in the third degree, the sound of the English e in 
theme is produced. When the size of the oral canal is in the fourth degree, and that of 
the oral opening in the second degree, the sound of the English is produced. When 
the size of the oral canal is in the fifth or highest degree, and that of the oral opening 
in the first or lowest degree, the soimd of u like 00 in cool is produced. Of the general 
truth of this statement any person may satisfy himself by remarking, when he utters the 
broad a, how much he opens his mouth, simply breathing forth the voice with open 
mouth. When, on the contrary, he with the same breath attempts to pronounce e, he 
finds the mouth close considerably, and the tongue rise towards the roof of the mouth, 
so as to contract the oral canal. In pronouncing he will observe how the lips 
are thrown into the form of the letter, the tongue at the same time raised from the 
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bottom of the mouth. The form of the vowel o in most languages points to one source 
of origin of those representations of sounds which we call alphabets. 

Some consonants, like vowels, can be pronoimced with an uninterrupted sound, 
which continues as long as the expiration can be prolonged, the disposition of the parts 
within the mouth remaining throughout as at the commencement of the sound. Of 
these, the aspirate h is pronoimced with the whole oral canal open ; no interruption is 
offered to the passage of the breath ; its sound is the simple residt of the resonance of 
the walls of the cavity during expiration. Others of the same class, such as m, n, and 
ng^ are produced by continuous expiration through the nasal canal, the aperture of the 
mouth being closed either by the lips or by the tongue being pressed against the palate. 
The mouth is closed by the lips while m is pronounced, the sound being produced by 
the simple passage of the air through the nasal cavity. "When n is pronounced, the 
mouth is closed by the extremity of the tongue being pressed against the fore part of 
the palate. Ng is regarded as a simple sound in the word sing and bang. It is produced 
also by the passage of soimd through the nostril, while the posterior part of the tongue 
is pressed against the palate. Other consonants, again, of the same class, are continu- 
ous sounds developed by the valve-like application of different parts of the mouth to 
each other, such as/, «, r, /. i^is pronoimced by the application of the lower Hp to the 
teeth. In pronouncing «, the teeth are brought into contact with each other, while the 
point of the tongue touches the lower teeth ; in the sound of r, the tongue vibrates 
against the palate ; in the sound of I, the point of the tongue is applied close to the 
palate, and tbe air escapes between the tongue and the cheeks. The English th is a 
modification of s. 

The mute consonants with explosive soimds come next to be spoken of. The organs 
of speech by which these sounds are formed undergo a sudden change of position 
during their production. The sound commences with the closing of the mouth and 
terminates when it opens— that is to say, these consonants cannot be prolonged at 
pleasure ; b, g^ d, of which py ky t are modifications, condng under this head. In sound- 
ing by the lips are brought together and dose the mouth, whUe they separate again at 
the moment the air is expired. In soimding dy the tongue is applied to the ante- 
rior part of the palate, or to the upper teeth, so as to dose the mouth, which opens with 
the escape of the breath. In sounding ^— that is, the hard ^, as in ^oW— the momentary 
dosure of the passage through the mouth takes place, more posteriorly, by the application 
of the back part of the tongue to the palate. In sounding py ty and ky the requisite 
modifications of by dy and g are produced by a stronger aspiration during the opening of 
the mouth, which was previously dosed. All the soimds hitherto mentioned are capable 
of being pronounced in whispered speech. The English ^ and z cannot be uttered 
without an accompanying vocal sound. Thus, when an attempt is made to soimd the 
•Rngligh y in a whisper, the German eh is produced in its stead. All the vowels are 
capable of being produced equally in whispered speech, and with a vocal tone. Many 
consonants also, as/, «, r, 2, m, ft, ngy can be pronounced either with mute sounds 
or with vocal intonations. The continuous consonant h can only be pronounced 
in whispered voice ; and it is quite impossible to combine the sounds of the 
explosive consonants, by dy g, and their modifications, py ty k, with an intonation of 
the voice. 

Besides the ordinary sounds of consonants which enter into the formation of lan- 
guages, other soimds are capable of being produced in the mouth and throat. The 
ffin ft^ViTig sounds produced by the separation of the teeth £:om the tongue or palate, 
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are reported by travellers to occur in the language of the Hottentots and in those of other 
Afiican tribes. 

The several sounds and tones of language can even be imitated by ailificial contri- 
vances. When the sound of the voice is made to pass into a cylindrical tube, belbie 
which the hand is held, aod then withdrawn, the sound of ^ is produced; and if the tube 
be a pipe with a membranous tongue, the sound of 9 is produced. Yaiious spealdng 
machines, by attention to such principles, have been produced; the most perfect of 
these is that contrived by Faber. The automaton invented by Faber has a singing 
voice extending over twelve notes. The difference in the height of the notes is made 
by varying the width of the glottis without tension of the cords. In this respect it is 
hardly an exact model of the human organal voice. 

The singular faculty possessed by ventriloquists has engaged much of the attention 
of physiologists. Many different views as to the nature of this kind of speech have been 
at various times brought forward. 

One of the oldest and most common ideas on this subject is, that ventriloquism 
consists in speech produced during inspiration. It is unquestionably possible, though 
not without difficulty, to articulate during inspiration, and the soynds so produced 
have some resemblance to the tones uttered by a ventriloquist. 

A more recent view of the nature of ventriloquism is, that it is a mere imitation, 
produced in the larynx, of the various modifications which the voice ordinarily suffers 
from distance, by the interposition of a partition, as if the individual were endosed 
in a narrow space, — in a trunk, a cask, or the like. This view has been supported 
with much ingenuity by Magendie. 

The distinguished German physiologist, MiiUer, has adopted an idea on this subject 
which coincides better with the original name of this artifice. He says that the notes 
of ventriloquism are produced by inspiring very deeply, so as to protrude the abd(Hiiinal 
contents by the deep descent of the diaphragm, and the diaphragm being retained in 
this position, by speaking through a very narrow glottis, expiration is performed 
very slowly by l^e lateral walls of the chest alone. He affirms that the quality which 
the voice has in speaking through an expiration thus performed, is that peculiar to 
ventriloquism, and that sounds may be thus uttered which resemble the voice of a penon 
caUing from a distance. 

A very large share of the artifice practiced by the ventriloquist, particularly in the 
imitation of voices coming from particular directions, lies in the deception of other 
senses besides the hearing. The directions in which sounds reach the ear are never 
very easily distinguished; and when the attention is drawn to a different point, the 
imagination is very apt to regard the sounds produced as coming from that quarter. 

Of the imperfections of speech, stammering is that which has been chiefly investi- 
gated ; and it lies in a momentary inability to pronounce a consonant or vowel, or to 
connect it with the preceding sounds. This impediment may occur either in the com- 
mencement or in iheif liddle of a word. When the impediment arises in the middle of 
a word, the conunenclUnent of the word is often several times repeated. Hence stam- 
mering is apt to be defined as the successive repetition of one sound. The repetition of 
the commencement of the word, however, is not the essential defect which constitutes 
stammering ; it merely marks repeated attempts to overcome the difficulty. Neither is 
it correct to say that the difficulty in stammering lies chiefly in pronouncing the 
consonants, for the impediment most frequently occurs in the case of vowels. The beet 
account which has been given of the nature of stammering is, that it depends on 
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the momentary closure of the glottis, so that the passage of the air necessary to the 
pronunciation of the particular sound is arrested. In persons severely affected with 
this impediment, th^re are manifest indications of the struggle at the glottis, occasioned 
hy the impediment to expiration, in congestion of blood in the head and in the reins of 
the nock. The real cause of stammering, therefore, must be described as an unusual 
movement in the larynx, associated with the articulate movements. In short, stam- 
mering is a temporary spasmodic affection of the glottis. For the prevention of 
stammering, the proper plan is to endeavour to bring the associated movements of the 
larynx with the organs of speech more under the command of the wiH. To sing 
words is one method of obtaining this effect ; since in singing more attention is 
directed to the action of the larynx than in ordinary speaking. Moreover, it is 
observed that persons who stammer pronounce better in singing than in mere speaking. 
The raising of the point of the tongue towards the palate has some effect in counter- 
acting this habit, and this elevation of the tongue seems to have been the object of the 
plan practiced by the ancients, of placing bodies such as pebbles under the tongue. 
Miiller recommends for the cure of stammering that the patient should practice himself 
in reading sentences in which all the letters which cannot be pronounced without a 
vowel sound— namely, the explosive consonants, A, d, g^ pj t^ and k—are omitted, and 
only those consonants included which are susceptible of an accompanying intonation of 
the voice. He also directs that all those letters should be very much prolonged. He 
says that by this means a mode of pronunciation will be attained in which the articu- 
lation is constantly combined with vocalization, and the glottis, consequently, never 
closed. 

As already mentioned, dumbness is dependent, not on the defect of the organs of 
speech, but on the absence of hearing. By assiduous efforts deaf-mutes learn the 
movements of articulation by means of their sight. The speech which they acquire 
is most commonly harsh, owing to the want of the sense of hearing to regulate their 
articulation. There was no discovery haOed with greater interest than that of teaching 
the dumb to speak ; and undoubtedly, harsh though the sounds be — and yet they are 
not always disagreeably harsh — ^there can hardly be a greater triiunph of hiunan art. 
It will hardly be believed that some innovators on the education of the deaf and dumb 
seek to abolish the practice of teaching them to articulate, on the ground that their 
harsh speech is unfitted for the uses of society, and that they can communicate with 
their fellows sufficiently by other means, as by speaking on the fingers and by 
writing. This is a most unwarrantable view of the case of these unhappy persons, 
particularly when they belong, as by far the major part of them must do, to the 
labouring classes of society. We have only to consider how m^y persons one in 
the condition of a labourer must meet with daily who cannot write, or read writing, to 
be satisfied that this innovation on the education of the deaf and dumb should bo at 
once put down in every institution in which it has gained a footing. There is every 
reason to believe, that in proportion as a knowledge of the mode in which the sounds 
of the human voice in speech are produced becomes better understood, the artificial 
articulation of the deaf and dumb will become less and less harsh and disagreeable. 

GompazatiTe Physiology of Voice. — Organs of voice occur among inferior 
animals, m the mammalian tribes, birds, and reptiles. In mammals the organs of 
voice bear a close resemblance to those of man. In birds considerable modifi- 
cations occur on these organs. In reptiles the apparatus of voice is of greater sim- 
plicity. 
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Voice of Mammals.— Among mammals some are mute, and yet these are not 
always deficient in those parts of the larynx which are most essential to voice. 

Among the orders which compose the class mammalia, the cetaceans, consisting 
chiefly of the whale trihe, are often described as mute. These animals, however, are 
not mute altogether, but possess only a single lowing note, or at the utmost they have 
the power of simply bellowing. There are two distinct sections of cetaceans. The first 
includes what have been termed the herbivorous cetaceans, such as the sea-cow, the 
representative of the popular mermaid^ and the dugong The second order includes the 
common cetaceans, popularly known as blowers. The act of blowing, from which they 
derive their name, consists in the expulsion of water by the nostrils ; that is, along 

with their prey they receive a large quantity of 
water into the mouth, and while the mouth re- 
mains closed they blow out this superfluous 
water by a hole in the upper part of the head. 

This expulsion of water is produced by means 
of a peculiar arrangement of the veil of the 
palate. The water accumulates in a sac situated 
at the external orifice of the cavity of the nose, 
whence, by the compression of powerful muscles, 
it is violently expelled through a narrow aperture 
pierced on the summit of the head. By this 
contrivance these animals throw forth those jets 
of water which are seen by mariners at a 
great distance. The larynx has a pyramidal 
form, and penetrates into the posterior portion of 
the nostrils to receive air, and conduct it to the 
lungs, without the animal being obliged to raise 
its head and mouth above water for the purpose. 
As there are no projecting laminae in the glottis, 
they can hardly be said to have the proper organs 
of voice, and thus the noise they make may be 
described as a simple vehemence of expiration. 

The larynx, however, in these animals is 
highly developed in other respects. 

Among the animals commonly described as 
mute is the giraffe or camel-leopard, termed by 
naturalists Cameleo-pardalis giraffa. In the giraffe 
the vocal ligaments appear to be absent. 

The armadillo {Dasf/pus) is another of ^e 
mammalians described as mute. The only pe- 
culiarity of the larynx which has been observed is, that the epiglottis, or valve- 
like cartilage of the larynx, is bilobed. The armadillo, it wiU be remembered, is 
remarkable among mftmrnftla for the scaly, hard, bony shell, composed of pavement-like 
compartments, which cover the head, the body, and even the tail. These animals 
belong to the order termed Edentata. They live in burrows, which they excavate. To 
the edentata also belong the ant-eaters {Mynnecophaga)^ which are regarded as mute. 
In the same order is foimd the sloth {Bradgpus tridactglus). In this animal, however, 
vocal ligaments are found, and the windpipe is convoluted. The voice is a 
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plaintiye melody, consisting of an ascending and descending scale of the heza- 
chord. 

Among the Rodentia, or gnawers, the common porcupine of Europe is mute. In 
this animal it has been ascertained that there are no vocal ligaments. 

Such, then, are a few examples of the animals in the class Mammalia which are 
mute, or nearly mute. 

In the order Kuminants we find animals possessed of a sonorous voice, exemplified 
particularly in the ox. In the ox the larynx is well developed ; there are no superior 
vocal ligaments, but the inferior or true vocal ligaments are strong, and nearly an inch 
in length ; the windpipe consists of fifty-two cartilaginous rings, that is, nearly three 
times as many as their number in man. The voice is sonorous, intense — ^pitched in 
C = 256 vibrations in a second. 

The sheep belongs to the same order of quadrupeds. The larynx diJBfers from that 
of the ox only in dimensions. The voice is guttural, pitched in F =: 341 vibrations in 
a second. 

To the same order belongs the camel {Oam^lus Bactrianw). 
In the camel the larynx is well developed ; the superior vocal 
ligaments are present, and the inferior vocal ligaments are 
strong. The voice is grave, but seldom exercised. 

In the Pachydermata, 
or thick-skinned animals, 
there are many species pos- 
sessed of a sonorous voice. 
Among these are the horse, 
the ass, the hog, the rhi- 
noceros, and the elephant. 
In the horse the larynx is 
highly developed, and the 
windpipe has as many car- 
tilaginous rings as that of 
the ox. The superior vocal 
ligaments are not promi- 
i^RTNx OP GAMKL LAID ucut. Abovc thc juuction 
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WStlv'tr^rei*' *"■ oral carity, and on the 
posterior surface of the 
epiglottis there is a groove, furnished at its base 
wili a semi-lunar membrane. To this membrane 
much effect has been ascribed in the production of 
the peculiar neighing of the horse. It is doubtful, 
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dent on this membrane as has been believed. 

In the ass the larynx is also well developed. 
In the windpipe the rings are spiral The bray of the ass— which seems greatly to 
depend upon the presence of two large sacs placed between the vocal ligaments and 
the internal surfSace of the thyroid— is well known ; it has a range of about five tones. 
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In the mule the larynx resembles that of the ass. The Toice is a specifis of hray, 
more resembling that of the ass than the neighing of the horse. The tapir (7j(if»tr 
Atneneanus) has some peculiarities in its. larynx. It has, howeyer, superior yocal liga^ 
ments, which are short and distinct, and inferior vocal Bgaments, which are strong. 
The Yoice is a species of whistle. 

The hog {Su8 aerofa) has also some peculiarities in its larynx ; its Toice« as is well 
known, is a grunting, discordant sound. 

The rhinoceros is remarkable for having the superior vocal cords very prominent. 
In elephants the larynx is largely devdoped. The superior vocal ligaments are in- 
distinct ; the inferior or proper vocal ligaments are strong. The windpipe exhibits thirty 
rings, which are often paitially subdivided, as in the case of the bronchial ramifications. 
The voice, aided by the trunk, is intense, and of a grave pitch. 

Under the head of Marsupial animals, we find the kangaroo and the opossum. 

In the kangaroo {Maeropus mqior) several peculiarities 
occur in the larynx. In particular, the vocal cords are mem- 
branous, and fold upon themselves, so that they cannot be 
stretched by the arytenoids. The voice 
when in pain consists of a piteous 
moan. In the opossum {Dtdelphia 
opossum) the vocal ligaments are very 
short, hence the voice is acute. The 
opossum purrs like a cat. 

In the order Camivora we find ex- 
amples of animals with intense voice. 

In the lion (Felis lea) the larynx 
is well developed ; the vocal ligaments, 
both superior and inferior, are present ; 
the superior being prominent. The 
ventricles of the larynx are deep, form- 
ing a sac between the upper and under 
vocal ligaments. The windpipe is possessed of fifty cartila- 
ginous rings. The voice is grave, highly intense, the roar 
terrific. 

The tiger {FeUs tigris) has a larynx resembling that of the 
lion, the superior vocal ligaments being very prominent. The 
voice of the tiger is more acute than that of the Hon. It purrs 
like the cat The leopard and the cat belong to the same genus, 
FeUs leopardus and Felis catus. These two aoimals, like the 
rest of the feline tribe, have the superior vocal ligaments well 
developed. It is supposed that by these superior vocal liga- 
ments the purring sound is produced. The voice in both ani- 
mals is a mewing — ^they have by night a melancholy cry. 

In the order Quadrumana, to which the apes and monkeys belong, the essential form 
of the organ of voice does not vary much, but peculiarities occur in the resounding 
walls. Thus in the ourang-outang a sac exists between the thyroid cartilage and hyoid 
bone, and in the mandrill, pavian, and macacos, membranous sacs are observed below 
the hyoid bone. In the Mycetes, or howling apes of the New World, the apparatus 
for the resonance of the voice is greatest In these the hyoid bone and the thyroid 
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cartilage are expanded in such a manner as to contain large cavities, which open into 
the ventricles of the larynx, and hesides this there appear to he sacs common to the 
larynx and pharynx. Further, the epiglottis in these apes has a very large and peculiar 
form. In the Sapajous (Ateles and Cehus) a curved tuhe is formed hy the increased size 
and altered forms of the epiglottis, and some adjacent structures. The voice of these 
animals has a whistling character. 

In the chimpanzee the true vocal ligaments 
are prominent. The windpipe has sixteen rings. 
The voice is more acute than in women; its 
quality inferior, owing prohahly to the sacculated 
larynx. In the ourang-outang the inferior vocal 
ligaments are prominent, hut not so long as in 
the families of the human race. The ventricles 
are valvular, so that the inflation of the peculiar 
sacs is under the control of the animal. 

In the Gibhons the ventricles are deep, and 
communicate with a sac. The voice is acute; 
the cry " bow wow." 

In the monkeys of the old continent there are 
also laryngeal sacs. These sacs modify the quality 
of the voice, giving to it, even when acute, a pecu- 
liar hoarseness. In the Simla appella and Simla 
capucina, there are some peculiarities in the struc- 
ture of the channel for the passage of air. The 
voice in quality is like that of a flute ; hence these 
are called whistling apes, and, from, the peculiar 
expression of this whistle, which is a plaintive 
melody, they are termed weeping apes. 

Voice of Birds.— The great peculiarity in the organs of voice among birds is the 
inferior larynx ; that is, birds, in addition to the larynx corresponding to that possessed 
by mammals, have one peculiar to themselves at the inferior extremity 
of the windpipe. Even the superior larynx of birds differs consider- 
ably from the larynx in mammals. The superior larynx, like that of 
mammals, is placed just below the hyoid bone. It is partly cartila^ 
ginous and partly osseous. In the superior larynx of birds there are 
cartilages corresponding to the thyroid and the cricoid, the two aryte- 
noid, and the epiglottis. The cricoid is much less developed Jihan in 
ma mm al s ; it forms but a small portion of a ring, occupying the pos- 
terior part of the larynx, and supporting, as in wiftmirmlg^ the two 
arytenoid cartilages. The thyroid cartilage, consequently, rests on 
the first ring of the windpipe. To the posterior margins of the thyroid 
cartilage are connected two quadrilateral bones, by which the extent 
of the protection afforded by the wings of the thyroid cartilage is 
much increased. The arytenoid cartilages are long, and taper upwards 
and downwards ; they form by their inner margins the chink of the sbotxok op imfb- 
glottis. They are generally ossified ; their external margLos are bounded S^^^^*** ^' 
by the thyroid cartilage. The epiglottis in most birds is rudimentary, 
and generally is osseous. The chink of the glottis in birds is triangular, the apex being 
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directed upwards. It is bounded in front by the thyroid cartilage, on each ride by the 
arytenoid cartilages^ and behind by the cricoid cartilages ; but it has no salient mem- 
branous laminsB, such as the yocal ligaments in man and maimnalB are. It is capable 
of expansion and contraction under the action of seyeral muscles. The inferior larynx 
is, as we have seen, peculiar to birds. It varies Tety much in form and structure. 
Tliis larynx, the vocal instrument of birds, is a tube, at the opening of which is a mem- 
branous tongue. This tongue is a doubling of the interior lining of the bronchus, its 
free maigin being directed upwards ; and birds haye for the most part a smaller or greater 
number of musdes, capable of shortening this tongue or of lengthening it in the direc- 
tion of its height, and of rendering it tense or lax in a transyerse diroction. 

In general the inferior larynx of birds is produced by a membrane which makes a 
projection on each side of the inferior orifice of the windpipe ; this orifice is diyided 
into two apertures, sometimes by an osseous bar passing from before backwards, some- 
times merely by the angle of union between the' two bronchial divisions of the wind- 
pipe. The bronchi are not composed, like the windpipe, of complete rings, but merely 
of osseous or cartilaginous segments of rings of a greater or smaller number of degrees 
in extent, each haying a proper curvature in the state of rest, which curvature may 
\ary to a certain amount by the action of voluntary muscles. 

It hence follows, that tlie portions of the walls of the two bronchial diviBions of the 
windpipe, adjacent to (that is, looking towards) each other, are for a greater or smaller 
extent membranous, being there destitute of any osseous or cartilaginous structure ; 
and it is to this usually large portion of the wall of each bronchus to which Ouvier 
gives the name tjrmpaniform membrane. Thus two tympaniform membranes descend 
looking towards each other from the angle at which Hie windpipe divides, forming the 
interior wall of each of its subdivisions, and being extended transversely between the 
anterior and posterior extremities of the upper osseous segments of these same subdi- 
visions; these osseous segments extending only along the posterior, the external 
and anterior part of their wall, so as to leave the inner part of each bronchus simply of 
a membranous structure. 

The first osseous segment of each bronchus has much the same curvature as the 
windpipe itself; but the second and third are portions of larger circles, and are less 
convex exteriorly than the first, so that these last project on the inner side of the 
tube. 

On this interior projectiag part the lining membrane forms a fold, and it is this 
fold, half shutting one of the inferior apertures of the windpipe, which offers to the air 
issuing forth a tongue capable of vibrating and of producing sound. 

The inferior larynx of singing birds, and sonie other birds whose voice is far from 
musical, is very complicated. The last rings of the windpipe unite into a structure 
two or three lines in length, nearly cylindrical above, and expanded below, where it has 
two obtuse points, one anterior, another posterior, joined by the bony bar passing from 
before backwards already spoken of more than once. This bar is so placed that the 
windpipe opens below by two oval holes, making with each other an obtuse angle, 
and each of these holes communicates with one of the bronchi. 

The three first osseous segments of each bronchus are more near to each other and 
flatter than those which succeed them. From the first to the third there is a gradual 
elongation behind, so that the posterior extremity of the last makes a sort of projection, 
owing to the sudden diminution of the fourth segment. The are which tliese segments 
Ibtm hardly exceeds 60°, and in each bronchus the cord of this arc, so to speak, is the 
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tympaaiform membrane. The first segment of each bronchus curves its anterior extremity 
towards the inner surface of the tube, where it articulates with a small oval cartilage 
which is fixed to the tympaniform membrane, while it forms within a prominence which 
is the vibrating lamina of the larynx on that side. Thus the transverse section of each 
bronchus is below nearly circular, the section higher up becomes the segment of a circle 
which diminishes in one direction while it enlarges in another ; and the passage of the 
air upwards into the windpipe takes place by two oval holes, each furnished at its 
anterior border with a salient lamina. This apparatus is supplied with ten muscles, 
five on each side. 

Of these, one descends from the interior of the windpipe to the anterior extre- 
mity of the third segment of the bronchus, and, by its contraction, draws that point 
upwards, thereby maJdng the vibrating lamina project farther inwards, and, at the same 
time, rendering tense lengthwise all that part of the tympaniform membrane lying 
below the segment to which the muscle is attached. Another muscle parallel to this 
has nearly the same attachments, and a like office. A third muscle, much smaller, 
extends from the inferior and posterior part of the windpipe, and is inserted into the 
posterior extremity of the second bronchial segment. Its action is similar to that of 
the former. A fourth muscle passes obliquely from the windpipe to the posterior extre- 
mity of the second bronchial segment. It draws that segment upwards and outwards, 
so as to aid the action of the muscles already referred to, and of that which follows. 
The fifth muscle is no longer than the preceding, but is much thicker. Taking its origin 
from the last ring of the windpipe, it passes downwards and forwards, and is inserted 
into the anterior extremity of the first bronchial segment, and particularly into the 
minute cartilage already mentioned as being articulated with that point. Its chief 
action is to draw forward the small cartilage, and consequently forcibly to put on the 
stretch, in a transverse direction, the upper part of the tympaniform membrane. 

Such a complex structure of the inferior larynx belongs, as was hinted at, not only 
to singing birds — such as the nightingale, the wren, the blackbird, the goldfinch, the 
lark, the linnet, the canary, and chaffinch — and to those with a monotonous cry. Like 
the swallow, the sparrow, the starling; but also to some with a decidedly disagreeable 
cry, such as the jay, the magpie, the crow, the raven. Thus not only is a complex 
organ necessary to the musical singing of birds, but also a fine general organization and 
a singing instinct. 

The windpipe in birds presents some very singular modifications. As the voice is 
produced in the inferior larynx of birds, situated at the lower part of the windpipe, this 
tube comes to form, together with the mouth, the tube or pipe placed in front of the 
organ of voice. In short, the windpipe of birds comes to occupy a place corresponding 
to the situation of the organs of speech in the human body. It is capable of being 
shortened, not only by the diminution of the spaces between the rings themselves, but 
also by the rings being received one within the other. In many birds the windpipe is 
much longer than the neck, being thrown into convolutions. This structure is observed 
in the cock-of-the-wood, the stork, and crane. In the wild swan the convolutions of 
the windpipe are lodged in a cavity of the breast bone. Nor is the windpipe always 
cylindrical, for in herons and cormorants it has a conical figure, becoming gradually 
wider and wider towards the mouth. In some species of ducks it presents a sudden 
dilatation, while in the goosander, and some members of the duck family, it undergoes 
gradual dilatations. 

That the inferior larynx of birds is the true organ of voice has been proved by many 
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experiments. For example, anatomists haye divided the windpipe in singing birds, 
such as the blackbird, about the middle of its length, so that the air 6ould no longer 
pass through the superior larynx, and yet the bird would continue to sing, though with 
feebler tones than before. Similar experiments haye been made on magpies and on 
ducks. After such an experiment, the magpie is found to cry with as great intensity of 
tone and with the same acuteness as before the operation. Again, if air is blown into 
the bronchial divisions of a duck after their separation together with the infeiior 
larynx from the body, a sound exactly similar to the natural cry of the bird is obtained. ' 
£yen after the bronchi have been cut away, by blowing into the trachea the same 
sound is produced. 

It is not, however, to be concluded that the superior larynx exerts no modifying 
influence on the voice in most birds. It is manifestly opened and closed rapidly in 
singing birds, so that it is impossible to doubt that it takes an active part in the pro- 
duction of melody. In the song of the canary and the linnet its simultaneous move- 
ments with those of the mouth are readily observed. Its effect, however, on the pitch 
of the voice is not supposed to exceed a semi-tone. Physiologists still doubt whether 
the sounds of the voice in birds are the result, as in man, of the vibrations of a reed or 
tongue, or, as in mere flute-pipes, of the vibrations of a column of air excited by fric- 
tion against the lips of an opening. There is unquestionably a great diflerence in the 
mode in which voice is produced in different birds. It seems certain that the simple 
organ of voice in the duck, the goose, and the like, is a reed instrument. In these the 
vocal cords, or bands, which form the exterior margin of the opening of the larynx, can 
be seen to vibrate strongly, while the sound produced closely resembles that arising 
from the vibrations of membranes. But it is by no means so clear that the piping, 
whistling soimds of singing birds are produced in the same manner; and it is not 
impossible that these may be effected in the same mode as whistling by the mouth 
in man. 

Several reasons, however, may be urged in favour of the opinion that the sounds 
uttered by singing birds are the effect of the vibrations of tongues, as well as the voice 
of the duck and the goose. For example, the vocal cords under muscular action can 
hardly escape being thrown into vibrations ; and even though the friction of the air 
may be in part concerned in the production of the sounds, a compensation must arise 
between the vibrations of the air and those of the vocal ligaments. If this be correct, 
the organ of voice in birds would not be entirely analogous to a whistle or pipe, but 
would in part possess the constitution of a reed instrument. It is found that the length 
of the windpipe has but a very slight influence on the note produced by the larynx ; 
and that feu^t corresponds with the slight effect on the pitch of the notes produced 
by placing a tube in front of the human larynx. It is also found that sounds pro- 
duced by blowing, by means of a tube inserted in a bronchus through the lower larj^nx 
of some birds after its separation from the windpipe, are not perceptibly altered in 
pitch by holding a tube in front of the larynx : thus is confirmed the resemblance of the 
lower larjnox in birds to the character of the larynx in man. It may be added, that the 
greater number of the notes of birds may be obtained from the inferior larynx by vary- 
ing the force of the blast, which at first sight seems to point to a resemblance with the 
effect of blowing by varying force upon the notes of flute-pipes of the same size as 
the windpipe of small singing birds. But it is to be remembered that the same varia- 
tions of notes, by varying the strength of the blast, may be produced in reed instruments 
with membranous tongues, and even in reeds with very delicate metallic tongues. 
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The influence of the windpipe on the notes may be either the same as that of the 
notes of flute pipes, or it may merely influence the notes in the manner of the tube of 
reed instruments. Contraction of the upper opening of the windpipe at the superior 
larynx may lower the note, as in pipes and reed instruments. 

An influence may be exerted on the sounds produced in the lower larynx by the 
tympaniform membrane, which vibrates strongly at the time. Between the internal 
Tocal cord, the semi-lunar membrane, and the tympaniform membrane, there is a rela- 
tion of compensation, the latter being analogous to the membrane formed of a reed 
stalk. 

The muscles which vary the tension of the walls of the yocal pipe are in continual 
action during the modulation of the voice, in order to adjust the tube of the windpipe 
to the pitch of the glottis ; but the number of vibrations may be determined by the 
glottis, reinforced by the walls of the pipe, as in mammals. 

The voice of birds, as of other animals, is also in a minor key. The range of notes 
is commonly within an octave, though some birds can greatly exceed it. In the parrots, 
wiiich have a voice of great power, the inferior larynx is single. The two membrane 
of the larynx leave a narrow chink between them, through which the air is forced from 
the lungs. These membranes, vibrating in all their dimensions, produce that harsh and 
disagreeable quality of sound peculiar to them. They can also whistle, during which the 
glottis is probably silent, and the column of air vibrates as in a flute, when a vibratory 
movement is conmiunicated by the air traversing the elastic waUs of the tube. Besides 
the power of speech possessed by some birds, many can imitate almost every sound they 
hear ; the blackbird has been known to imitate the sound of the nightingale, the 
crowing of the common cock, and the . cackle of the hen. The jay is said to mock 
the notes of the greenfinch and the neighing of the horse so closely theit it was scarcely 
believed to be a bird by those who heard it, also the calling of fowls to their food, and 
the barking of the house-dog. 

The variety in the song of singing birds is a subject of the greatest interest. 
The songsters, properly so called, include the skylark, the woodlark, the thrush, 
the blackbird, and the nightingale. A slight notice of the notes of each of these 
follows : 

The skylark is one of our most agreeable songsters. Its song is composed of several 
strains, each consisting of trilling and warbling notes variously modulated, occasionally 
interrupted by a powerful whistling. Sometimes the lark sings on the ground, perched 
on a clod, or crouched among the grass; but generally in conmiencrng its song it 
starts ofl^ rises perpendicularly or obliquely in the air, with a fluttering motion, and 
continues it till it has attained its highest elevation, which not unfrequently is such as 
to render the bird scarcely perceptible. Even then, as remarked by a distinguished natu- 
ralist, if the weather be calm, you hear its warble coming feuntly on the ear at inter- 
vals. The lark is also a bird of singular capacity; the young learn the notes of 
any other bird which hangs near them in conflnement, and some full-grown birds 
are observed to possess a like facility. There is, however, a considerable diflerence 
among larks in the strength and melodiousness of the note. In confinement some 
larks begin to sing as early as November, and go on singing until moulting time ; others 
begin in March, and cease as early as August. In the wild state their period of sing- 
ing is much shortened. 

The woodlark is considerably less than the skylark, but of all* Ihe larks it is the 
sweetest songster. Its voice has aU the melody of the flute» marked at times by ft 
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tender and eyen somewhat melancholy strain. It sings sometimes in the air, sometimes 
on the top of a tree. When singing in the air it is frequently seen flying in large, irre- 
gular circles. The woodlark sings late in the eyening, so as sometimes to be mistaken 
for the nightingale. The female woodlark, like the female of larks in general, is not 
destitute of song ; but all that it can reach is a few strophes much interrupted. 

The thrush has a clear and beautiful song. On the tops of the highest trees it 
welcomes the approach of spring, and sings throughout the whole summer, especially in 
the morning dawn and the eyening twilight. It is kept in a cage by bird-fiemciers, 
whence often on a morning, eyen as early as February, it will delight a whole street 
by its pleasing song, outside the windo'^, or eyen inside, proyided the window be a 
little open. The thrush in its wild state is fond of bathing. In September and 
October they are often caught at the places where they water, before sunrise and after 
sunset, and eyen so late that they cannot be seen, but are only heard. At the time 
of bathing they haye a peculiar call-note. When a thrush finds water, or when it is 
flying towards a known watering place, it pipes loudly aikj sik, sik, aik^ sikiy Uak, Uak ! 
and immediately all the thrushes in the neighbourhood reply, and come on. 

The blackbird has a song rich in melody, containing some deep notes, like those of 
the nightingale, yet yaried with some which are unpleasantly harsh. When at liberty 
it sings from March to July, particularly at night. In the cage it sings throughout 
the whole year, except at moulting time. Its note is pure, distinct, and clear. It has 
a good memory, and will learn seyeral airs or melodies without confusing them. It is 
eyen able to imitate words. 

The nightingale by the fineness of its yoice surpasses eyery other bird. The variety 
and peculiarity of its tones express its yarying emotions. When the male is alone, its 
most significant note is the pipe-note witt. But if the harsh syllable, hrr^ be added, it 
forms the call of the male to the female. To express anger or fear the note wUt is 
repeatedwith great loudness and rapidity before the termination A:»t is added. Whenhi^py 
and contented the nightingale utters a deep taek. Under the excitement of anger, 
jealousy, or alarm, the nightingale utters an unpleasant shrieking tone, which resembles 
the cry of the jay. When they sport and chase each other, which they frequently do in 
pairing time, they utter a yery short chirping sound. Such notes belong to both sexes ; 
but the power and the brilliancy of his song distinguishes the male. His yocal organ is 
of striking power ; the muscles of his throat are more robust than those of any other 
singing bird. Besides the strength of his yoice, the nightingale is remarkable for the 
force, the agreeable transitions, and the beautiful harmony of his song. Commencing 
softly, he warbles for a moment a succession of low melancholy notes, which 
gradually increase in strength, and at last die away upon the ear. A variety of sharp 
notes follows, and then are uttered numerous hurried sharp notes, intermingled with 
some detached ascending notes, with which he generally closes his strain. In the song 
of a fine nightingale, without reference to slighter variations, there are at least four-and- 
twonty different strains. 

Among the sparrow and finch tribes there are many much prized singing birds. 

The bullfinch has naturally a harsh, creaking tone, but young birds learn all kinds of 
songs, airs, and melodies. If it be desired that a bullfinch should sing perfectly, it ought 
never to be taught more than one melody, in addition to the fSsmfare, which is always 
added by way of surplus. 

The chaffinch has a variety of notes expressive of its wants and desires. There 
is one delicate notJ, expressed treefy treefy by which it appears to remark a change of 
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temperature. The call-note, which it uses chiefly on its migration, is a repeated yaeh, 
yaek. A spontaneous sound appears to be^nX;, Jinky which it reiterates, and from which 
perhaps the root of its name is deriyed. More remarkable than these notes is its dear 
and trilling song ; as approaching more to distinct articulation, it is termed a quaver. 
Each bird has one, two, three, and often as many as four different songs, each of which 
lasts a couple of seconds, and consists of seyeral strophes. Those who desire a particular 
account of the different songs of the chaffinch, may consult " Chamber Birds," by Bech- 
stein, translated from the German by Mr. Shuckard, London, 1848. 

The linnet has a very remarkable, loud, and flute-like song, consisting of many con- 
nected strophes, which is the more beautiful the oftener it utters some high-sounding 
notes, which are termed its crowing, frojn the resemblance to the crowing of a cock. 
From its natural flute-like voice, this bird surpasses all others in its capacity for imi- 
tating melodies in a beautiful and pure style. A young linnet taught by a nightingale 
has an exceedingly pleasing song. 

The goldfinch has a shrill, agreeable song, heard during all seasons, except at the 
period of moulting. It contains many warbling and twittering notes, on which it 
dwells more or less, and the oftener the syllable ^nA: is repeated the more it is admired. 
Some birds utter these notes only once or twice in their song, while others give them 
forth four or five times in succession. The goldfinch does not acquire the song of other 
birds with so much ease as the linnet and the canary. 

The canary is distinguished by correctness of ear, by the. remarkable skill it pos- 
sesses of imitating all tones, and by an excellent memory. While canaries imitate the 
notes of other birds, they mix them with their own, so as greatly to improve the song. 
In different countries canaries exhibit a different character of melody. Those birds 
which intermix in their melodies several strophes of the song of the nightingale, are 
called Tyrolese canaries. The English caivies, on the contrary, imitate the song of 
the lark. 

Even birds of prey often exhibit no small extent of voice. The kestrel has a bell- 
like ringing voice. kU, Mi, kli, which he often repeats in rapid succession. The white 
owl utters a plaintive cry, which by the superstitious has been regarded as a sign of 
death. The raven has a hoarse croak resembling the syllable crock or erueky but it 
aUo utters a note not unlike the sound of a sudden gulp, or the syllable cluck, 
which it seems to utter when in a sportive mood. The rooks have a considerable 
variety of sounds. Their chief cry resembles the syllable khraa, more or less 
harsh or soft according to occasion. There is great diversity in the voice of indi- 
viduals, the notes of some being much louder and clearer than those of others. Their 
cries, separately, are monotonous and disagreeable ; yet when at some distance, and 
uttered by a large flock, they become by no means unpleasant. Mr. M^Glllivray 
describes the sounds proceeding from a rookery at night as consisting of a variety of 
soft, clear, modulated notes, very unlike their usual cry. He regarded these sounds 
as expressive of affection, and was persuaded that the mothers were fondling and coax- 
ing the newly-hatched young. 

The jackdaw is extremely clamorous, with a loud and dear note, resembling the 
syllable kae or caw^ variously modulated. The noise produced by a large flock, though in 
no degree musical, is far from being disagreeable. The jay can even learn to speak, 
uttering, however, nothing but solitary words. They may be taught also the fanfare 
of a trumpet, and other mdodies of single bars, as well as little airs and the notes o^ 
many birds. The magpie imitates ell atrUdng sounds, and can be taught to speak mom 
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easily than any other of the crow tribe. The cry of the cuckoo is universally welcome 
as the harbinger of spring. His principal sound is nothing but hu-hu or eoo-eoo, 
repeated at short intervals ; when attention is given, however, it is found that these two 
loud and mellow notes are preceded by a kind of churring or chuckling sound, which 
consists of a low and guttural inflexion of the voice, during which the throat seems 
distended. 

The parrot tribe are most remarkable for their power of imitating human speech. 
The cockatoo shrieks its own name, cockatoo, and calls loudly, in a trumpet>like tone, 
derdmy. The cries of all animals it acquires, particularly those of the domestic cock 
and hen. It rarely, however, acquires the power of articulating words. There are 
numerous species of cockatoo parrots having much the same character of voice. Among the 
commonest of the parrot tribe in Europe is the ash-coloured parrot. This parrot readily 
learns to speak, and to pipe. It has not the unpleasant wild shriek of some of the 
parrot tribe. It takes no small delight in imitating the voice of children ; hence children 
are its best instructors. If its education be begun early, it will sometimes acquire 
entire verses, and even axioms. 

The gray woodpecker has a note which resembles a loud shout of laughter, wheiice 
some of its popular names are derived ; this note is never varied, except by its more 
clamorous repetition during the spring and early summer months, and by the peculiar 
cry, plui, plui, pluif which has been supposed to indicate the approach of rain. The 
wryneck in spring frequently and loudly utters gigigigiy which is the call whereby he 
attracts his mate. The nuthatch utters a loud call, which may be heard at a consider- 
able distance, resembling grew, deck, deck. The ring-dove, or cushat, has a loud and 
particularly pleasing cooing, during which he makes very grotesque motions, which 
may be backwards and forwards, or from side to side, moving the head in every direction. 
The turtle dove has a peculiar cry, and bows his head while it is uttered. 

Voice of Reptiles.— The sounds uttered by reptiles and amphibious animals 
have their source in the larynx, like the voice of mammals. In frogs, as well as in the 
crocodile, there are vocal cords. In the crocodile the larynx, though more simple than 
in mammals, still retains something of the same character. There is one large, long- 
shaped cartilage, to which are attached two movable cartilages. The mucous membrane 
descending from these movable cartilagies into a deep pouch beneath, leaves a free fold 
on each side, which, when the movable cartilages approximate, becomes a vocal cord. 
In the gec^o and the chameleon the vocal cords are more developed than in the croco- 
dile, lievertheless they are formed on the same plan. The lizard has an acute, 
chirping voice, which has been supposed to depend on a peculiar membranous fold 
attached to the larynx, but it really seems to depend on a vibration of the margins of 
the glottis. In the turtle tribe there are no vocal cords, nor is their larynx adapted to 
a perfect intonation of the breath. 

In the true serpents there are no vocal cords ; the hissing sound which constitutes 
their imperfect voice is a mere forcible breathing. In the male frog membranous sacs 
at the side of the neck become distended in the utterance of the voice, and serve to 
increase its intensity. In the Bcma pipa^ in which the larynx, as in all other frogs, receives 
the bronchi directly, without the intervention of a windpipe, there is a large carti- 
laginous box, within which, are two solid reed-like bodies, nearly as long as the larynx 
itsdf. The anterior extremities of these bodies are fixed ; their posterior extremity is 
free, and projects on each side towards the opening of the bronchus. The vocal sound is 
produced by the vibrations of reed-shaped tongues, which act like a tuning-fork ; 
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SANA TEMPORARIA (cOtf. 
HON PROG) — Bishop. 

Oy tongue ; 6, hyoid bone ; 

c, superior vocal coris ; 

d, inferior vocal cords ; 
«, phurjnx; /, right 
bronchos. 



while hi other animalB of the same class the parts which produce the sound are 
membranous. If a small piece of cartilage, a few lines in 
length, be fixed by one end, and a current of air be thrown 
from a small tube upon its edge at the other extremity, a 
humming sound is heard. In ihe' Eana pipa, also, the movable 
cartilages are conyex externally, and concave internally; so 
that when the entrance to the larynx is closed, they form a 
dome over the windpipe, which has been compared to a kettle- 
drum. In the JSana temporaria, R. eseuUnta and R. hyla^ the 
larynx opens into two sacs on either side of the lower jaw, and 
these, during the cry of the animal, are filled with air. 

Sounds produced by Fishes.— A very few fishes are 
known to utter sounds, such as the trigla, cottus, pogonias. 

The trigla utters a grunting sound when it is taken 
out of the water. It has been supposed that the peculiar 
muscle of the air-bladder in these animals has a share in 
causing the sound. The cottus, however, from which a sound 
is heard to proceed when pressure is made .upon its body, has 
no air-bladder. The pogonias, on account of the sounds which 
it produces, has been named the tambour. These fishes pro- 
duce continued sounds under the water. The air-bladder is 
very large, and is covered by strong muscles ; further, it has 
appendages, which, according to Cuvier, pass between the 
ribs, and become embedded in the muscles. 

Sounds produced by Insects. — Most insects are mute ; others produce sounds 
merely by friction ; others, again, by the passage of air through their spiracles. The 
sounds produced by friction come under the head of stridulation ; those produced by air 
from the spiracles, purring or humming. In the orthoptera, and some of the coleoptera, 
there are parts adapted to produce stridulation. 

In the cricket the muscular apparatus may be described as consisting of a serrated 
string like a file, which in the movement of the wings is drawn rapidly over a firm, 
transparent, and nearly triangular disc, or sounding-plate, surrounded by a string, and 
by this act the sound is produced. The pitch of the sound of the house-cricket is very 
acute, being equivalent to about 4096 vibrations in a second. 

The cicadse, termed sometimes the " ehantemes" or singers, are so called because the 
males produce, in the hottest part of the day, a kind of monotonous and noisy music : — 

" Et eantu queralae rumpent arbusta cicadaB."— Viro. 

The music of the grasshopper has from early times attracted attention. Archias 
sung of it, and his verse has been thus translated from the Greek : — 

*< Erst on the fir's green blooming branch, O grasshopper ! 'twas thine 
To sit— or on the shady spray of the dusky, tufted pine ; 
And from thy hollow, well- winged sides to sound the blythesome strain, 
Sweeter than music of the lyre to the simple shepherd swain.'* 

Those, too, who loved these " living lyres bx. the olive groves sounding all the summer 
long," have celebrated the locust :— 

" Soother of loves, encourager of sleep, 
O locust ! mystic muse, shrill wing'd ;"— 
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And the cicada, 

" Cicada ! thou, who, tipsy with the dews 
Of weeping skies, on the tall poplar tree 
Perch'd swayingly, thyself dost still amuse. 
And the hush'd groye, with thy sweet minstreby." 
MelangcT, alluding to the buzzing of insects, says, " Excute facundas pedibns tiUi- 
bantibos alas" :— 

*' Striking thine own speaking wings with thy feet ; " 

but their real organs of sound are placed on the side of the base of the abdomen, 
internal, and covered by a cartilaginous plate, like a shutter, which is an appendage of 

the under side of the meta-thorax or 

posterior thorax. The cavity which 
incloses these instruments is divided 
into two partitions by a scaly and 
triangular edge. Seen from the under 
side of the body, each cell exhibits 
anteriorly a white and folded mem- 
brane, and in the hollow part a 
stretched out, slender membrane, 
called the mirror. If this part of the 
body be opened from above on each 
side, there is seen another folded mem- 
brane, which is moved by a very 
powerful muscle, composed of a great 
number of straight and parallel fibres, 
extending frx>m the scaly ridge ; this 
membrane is called the timbale. The 
muscles, by contracting and relaxing 
with quickness, act upon the titnboles, stretching them out or bringing them into their 
natural state, whereby the soimds are produced, and which, even after the death of the 
animal, may be repeated by moving 
the parts over each other in the 
manner they act whilst alive. 
The cicadsB occur chiefly in 
warmer countries of the world. 
One species, the Cicada Anglica, 
the only English species, is found 
in the New Forest. 

It is a common belief that the 
buzzing of insects is produced by 
the oscillations of their wings 
during flight. This idea has been 
often called in question. John 
Hunter found that insects emitted sounds after their wings were cut off. More recently 
it has been stated that the sounds produced by many insects are the effect of a rapid trans- 
mission of air through the thoracic air-holes as they dash through space. Mr. Bishop 
has observed a peculiar mechanism for this purpose in the blue-bottle fly and humble 
bee. The annexed figures show one of the large thoracic spiracles in each of these 
insects, the Musca vomitoria and the Bombm terrestris. 




THORACIC SPIRACLK OF BI.UK-BOTTLE FI.T 

{Muaca vomitoria). 
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{Bombus terrestris). 
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The AppUcAtion of Physiology. •— After tbe foregoing detaila of the chief 
poiiits in the economy of liying nature, it will not, in conclusion, be inappropriate to 
exhibit some of the great truths of Physiology ; to trace their connection with other 
subjects of human inquiry ; and to point out some of the uses to which a knowledge of 
this department of science is practically applicable. 

Physiology, taken in its largest acceptation, holds a most prominent place in the 
circle of human knowledge. We have seen it trace the deyelopment of the perfect man 
through the grass of the fields back to the common mineral elements of the crust of 
the eurth. It also enlists in its service Anatomy, Chemistry, and not a few depart- 
ments of general Physics ; and it connects itself with Agriculture, Political Economy, and 
the science of Legislation and Government, hardly less than with Medicine, Surgery, 
and the preservation of health. 

The most striking truth in physiology is, that organic existences, including alike 
the highest races of mankind and the meanest vegetable organisms, are, in their mate- 
rial composition, derived from the mineral matter of the earth. The properties of the 
simple elementary substances entering into the vegetable and the animal kingdom have 
been ascertained with exactness ; in their mineral condition, they have been fully 
investigated ; and their chemical properties and combinations in inorganic nature are 
well understood. And such knowledge leads to a second great principle in physiology — 
namely, that there is nothing in the properties of these several elements of the organic 
world by which any tendency is given to them, beyond the rest of mineral matter, to 
combine together to produce any form of organic life, however simple, and however tran- 
sitory. When, then, in connection with this undeniable truth, it is considered that, for 
long periods of time, our planet, the earth, must have been, from physical circumstances, 
totally incapable of supporting any form of organic existence, the conclusion follows, 
that the appearance of organic existences on the earth implies an exercise of Infinite 
Power, by which mineral matter was endowed with the new property of passing into 
the first species of animal and vegetable life. It is vain to say that such statements 
as these lie without the pale of inductive science. Man's natural curiosity loudly 
asks. whence came organic species, whenever he considers the undeniable truth 
that the surface of the earth must have lain for ages destitute of such existences ; and 
the answer which, by the original constitution of his mind, he is compelled to give, is, 
that such a change on the mero matter of the crust of the earth, as its transition into 
living forms, could not have occurred without the interposition of Omnipotent Power. 

This great truth, then, is not the less a natural inference of the human faculties, 
because it does not strictly fall within the limits of physiology ; it owes its origin to 
the operation of the great principles of human belief^ implanted in the mind by its 
primitive constitution, and on the knowledge supplied by the cultivation of physiology. 
The next great step in the progress of man's knowledge of organic nature lies strikingly 
within the limits of physiological science. It is the conclusion that each organic 
species had its origin in a separate creative power. It is vain for any one pretending 
to the character of a philosopher to maintain that the idea of a transmutation of species 
is far moro simple and far moro in accordance with Infinite Wisdom. Every one 
endowed with a philosophic spirit must at once reject this idea, simply because there is 
not a shadow of foundation in its behalf to be met with in the whole of naturo. It 
is impossible to pronounce with certainty, from physiological evidence, whether the 
several races of plants and animals at present living, or discovered by geological evidence 
to have formerly existed, had their origin from one pair, or from many pairs ; but the 
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Strongest evidence does exist against tlie supposition that one species of a lower grade 
can pass successiyelj into other species of a higher grade. On the contrary, nature has 
guarded each species from change with the most sedulous care. By artificial means, 
and within certain limits, man can make Tarious changes in the species, hoth of plants 
and animals ; and accidental circumstances, without man's interference, produce like 
variations. But it is fully ascertained that, as soon as those circumstances, whether 
designed or accidental, which have caused a variation have ceased to operate, then 
the species returns to its original state. 

Ajs soon as physiology, hy drawing upon the philosophy of mind, has overcome the 
difficulty attendant on the first appearance of organic nature on the surface of the earth, 
it traces out hy ohservation all that belongs to the economy of organic existence. By 
such observations physiology has made known the conditions necessary for the develop- 
ment and maintenance of organic existences as well as for their reproduction ; and as far 
as physiology has yet discovered, so long as these conditions can be maintained in respect 
to each species, no tendency is shown to its becoming extinct. At the same time, a ques- 
tion may arise whether organic species have the power of unlimited existence, as species, 
so long as the ordinary known conditions necessary for the maintenance of the individuals 
continue unimpaired, or whether a species be, like the individual, capable only of a limited 
existence ; so that, as in the case of the individuals of which it is composed, its prolific 
life at last begins to fail. The experience of mankind on the earth is probably not yet 
sufficiently extended to afford any sufficient data for debating this question. But the 
striking analogies between individual life and the life of a species in other respects, must 
prevent us from positively affirming that species can only die by a failure in the ordi- 
nary conditions under which the individuals of that species are seen at present to live 
and thrive. In the case of the individuals of every species, no matter how abimdantly 
the conditions of their Hfe are supplied, there comes at last a period when their suscep- 
tibility of availing themselves of those conditions declines, so that decay and death 
are the inevitable consequences. In the species of plants and animals best known to 
physiologists, no tendency has ever yet been remarked to degenerate, except that which 
owed its origin to a failure in the conditions necessary for the existence of the indivi- 
duals of that species. The dodo is an example of a species which has become extinct 
within the records of history ; but a single case hardly affi)rds a sufficient ground even 
for conjecture ; and it is, perhaps, right at present for physiologists to content them- 
selves with the belief that the dodo perished from fortuitous causes interfering with the 
external conditions necessary to enable the individuals of that species to live and thrive 
on the earth's surface. 

Here, however, in stating the great truths of physiology, the importance of the law 
of death in the organic world, as taking that part of nature entirely out of the category 
in which minei-al nature exists, must not be omitted. In physiological nature, then, 
the law of death may be thus stated— no perfection of organism, no completeness in 
the supply of the conditions of existence, can prevent any living individual whatever 
from at last failing to derive the means of maintenance from those conditions, and 
tcom falling into a state of decay and dissolution. Such a law is exclusively known 
in physiological nature, there being nothing the least analogous to it in the case of inert 
matter. 

A more practical truth of physiology is, that each species multiplies in proportion 
as the circumstances under which it is placed are favourable to the maintenance of the 
individuals of that species. Tlus law appears to admit of no exception. In short, phy- 
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fdological principles are qtdte sufficient to settle the questions whch have arisen as 
- respects the law of population. No country can support more inhabitants than it can 
supply with the means of maintenance. It is not necessary that the soil of that country 
should produce enough of com and cattle to feed aU its inhabitants ; but then it must 
produce something else by means of which food can be obtained from other countries. 
If the inhabitants are skiUfiil workmen, they may convert raw material, derived from 
other countries, into manufactured goods ; and for the value of their workmanship they 
may receive enough of com and cattle to satisfy their, wants. There may be mines of 
mineral wealth in demand among agricultural nations ; and in exchange for this wealth 
they may obtain a sufficiency of com and cattle. Still the great law remains unaffected 
that the number of people which a country can maintain cfumot exceed that for which 
it possesses the iaeans of providing food. 

Physiology enters upon another practical question of vast importance— namely, 
whether the soil of a coimtry can be renewed independently of the application of 
existing organic matter. Every crop which is taken off a field carries with it a 
certain amount of soil ; not, indeed, equal to its actual weight, because a great part 
of the substance of each crop is derived from the air, and frx>m the rains. Hence a soil 
necessarily becomes exhausted by repeated crops. It is renewed by the application of 
manure ; but as manure, in common circumstances, is obtained from organic matter, it 
is plain that the organic matter of a country must be continually declining by l>eing 
again reduced to mineral matter; unless it be proved that under some circumstances at 
least soil can be renewed from the mineral kingdom. The annual waste of organic 
matter in every country is enormous — ^that is to say, a large quantity of organic 
matter is continually passing back into the mineral state, under such processes as putre- 
faction, combustion, and the respiration of animals. Plants, no doubt, are continually 
converting inorganic matter, such as the carbon of carbonic acid and the hydrogen of 
water, into thrir own substance. But the organic substances required for food contain 
not only hydrogen and carbon, but also nitrogen ; and therefore, imless it be proved 
that ammonia, which is the chief source of the nitrogen of plants, be constantly pro- 
duced in the mineral kingdom, it must be confessed that there is a continued irreparable 
destruction of organic matter upon the earth's surface. Here there is a controversy 
among chemical authorities — some contending that ammonia is continually formed 
in the mineral kingdom ; others that the ammonia which appears in a soil is derived 
solely from the decomposition of organic matter. On the determination of this question 
our speculations, rest as to the fature history of the organic kingdoms on the surface of 
our planet. If there be a continual destruction of organic matter without any corre- 
sponding renewal from the mineral kingdom, then a time will come when plants and 
animals must perish for want of the means of subsistence at present supplied to them 
by the soil. It is no part of our purpose to enter upon this controversy; but 
the evidence at present seems to be in favour of the unlimited power of mineral nature 
to produce ammonia, and therefore to supply that important constituent of the food of 
plants which otherwise must be derived from the destruction of organic matter. 

Another speculative question bearing on the fortunes of the animal kingdom is 
sometimes debated in works of physiology. We have already remarked, that the 
carbonic acid, which is continually thrown into the atmosphere by the respiration of 
animals, is as constantly decomposed and removed by plants for their own support. 
It is a common view that our atmosphere must, at a very early period, have 
ooiAained all the carbon, in the form of carbonic acid, which now exists in the organic 
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kingdoms, and in the soil of the earth. If such were the case, the atmosphere, howeyer 
fit to support the life of vegetable organisms, must, it is said, have been totally unfit 
to maintain the life of animals. The supposition then is, that through the vast pre- 
ponderance of the vegetable kingdom, for many ages, on the surfeuse of the earth, the 
carbonic acid was gradually reduced in proportion down to its present small measure ; 
and that the carbon so abstracted fix>m the carbonic acid is that which now forms so 
large a prox>ortion of the bodies both of plants and animals, and so large a pro- 
portion of the soil of the earth. And now that the animal kingdom has begun to 
preponderate, and a greater proportion of carbonic acid is produced by the respi- 
ration of animals than is decomposed by the food of plants, this change will go on 
increasing, until at last the atmosphere will become again unfit for the support of 
animals, owing to the great accumulation of carbonic acid. The determination of 
this question involves several considerations. It is true that the forests which 
covered the earth in ancient times are fast disappearing ; but it is also true that these 
forests are replaced by cultivated crops. Shall we then say that if all the arable parts 
of the earth become covered with crops, those crops will not destroy as much car- 
bonic acid as the ancient forests ? And if this be the case, then the carbonic acid will not 
undergo any material increase. One thing is certain, that the .animal kingdom, as 
respects its constituent carbon, can only increase at the expense of the vegetable king- 
dom ; so that, while there must remain the same quantity of carbon at the earth's sur- 
face, a larger proportion will certainly be contained in the animal kingdom than in the 
vegetable, owing to the destruction of the ancient forests. But if the whole quantity 
of carbon contained jointly in the crops, and in the animal kingdom, and in the soil, 
remains equivalent to the quantity now in those three conditions, no change can take 
place in the quantity of the carbonic acid in the atmosphere. Again, it is perhaps 
impossible that the animal kingdom can increase so hst as to deteriorate the air much, 
when it is considered, that the only part of the animal kingdom that can be regarded 
as on the increase, is man himself^ and the animals subservient to him. 

An easy answer to the difficulty which has been here raised is, that by computa- 
tion, from very probable data {" Edinburgh New Philosophical Journal," July, 1845), 
the conversion of the whole carbon of the soil, and of living plants and animals, into 
carbonic acid, would not more than double the small proportion of that gas existing at 
present in the atmosphere. 

The connection of pestilential diseases with deficiency of the means of subsistence 
has too little engaged the attention of legislators. It is true there are certain diseases 
of an epidemic character, such as small-pox, measles, scarlet fever, which prevail even 
among the best fed orders of society. It is undeniable, however, that even these 
epidemics are far more fatal when joined with an insufficiency of food. In modem 
times, it is hardly possible to conceive the ravages which, in the earlier ages, epide- 
mics inflicted upon the human race. At those periods, agriculture had made but very 
slender progress; and what surprises us is not so much that the nations of Europe siif- 
fered from such diseases as that they did not suffer even more. Were the same circum- 
stances which BO often prevailed in those countries again renewed in the present crowded 
state of many of the coimtries of Europe, the devastation would be fSar greater than even 
we Qnd to be recorded of those times. Grreat sanitary improvements have taken place 
in all the countries of Europe, defective as that kind of legislation still is. But when 
the rapid increase of our great towns, without any previous means being secured for 
their proper drainage and ventilation is considered, physiology cannot too loudly fro- 
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claim, not only that virulent epidemic diseases may arise under such circumstances, 
but extend their ravages even beyond the limits of those localities in which imperfect 
regulations prevail. 

As respects tiie general maintenance of health, physiology supplies many important 
precepts ; although nature in this respect has hardly left man to be governed by phy- 
siology. Hunger forces man to the highest activity for the preservation of his life ; 
and under this appetite, aided by common sense, a body of popular dietetic rules has 
arisen, the habitual observation of which, more from imitation than from reflection, 
serves to preserve individuals in health. It is only by seeking a variety of food that 
man is sure to obtain all the chemical constituents required for the maintenance of 
his bodily frame. We have already shown that each of the simple elements, of which 
the human body is composed, is continually passing out by various excretory channels ; 
and that, unless replaced, nutrition becomes deficient, and the function of that part 
which fails to receive its just supply is necessarily impaired. It doubtiess often happens 
that the digestive powers are too feeble to extract the substances required from one kind 
of food, while they may be sufficient to obtain them from another. The desire of a 
variety of food, then, is plainly a species of instinct implanted in man for the purpose 
of securing the perfect nutrition of the animal frame. 

Physiology is the handmaid of medicine ; and in its largest sense, it even includes 
pathology. The relation between physiology proper and pathology has no parallel in 
other departments of knowledge. In physical science, as there is no death, so there is 
no disease. The mere derangement of machinery invented by man is very different 
from the state of disease in physiological nature. But not to waste time on a subject 
scarcely relevant to our present purpose, it is at least manifest that in the derangement 
of machines there is not, as in the case of disease, a power inherent in them to rec* 
tify and to restore themselves to their former state of efficiency. Such a power, however, 
is what characterizes pathology in particular. It is sometimes said that in mete- 
orology, storms and tempests, as contrasted with calm weather, are the diseases of 
the atmosphere. But even in this department there is no close analogy between the two 
cases. A mere disturbance of the equiiibiium of the atmosphere, on which every sudden 
change of the weather depends, bears but a very remote analogy to the pathological 
states to which living nature, and in particular the human nature, is subject. But 
when we come to chemical science— to that science which treats of the combinations of 
bodies, and of their actions and reactions upon each other, then we perceive at once 
how totally different physical nature (and under chemistry the whole of physical nature 
falls) is from organic nature, in respect tof that class of phenomena which constitute the 
special department of physiology termed pathology. In chemical nature there is no 
individuality, unless, rejecting the idea of the infinite divisibility of matter, we pro- 
nounce each atom of a chemical substance to possess an individuality. And this view 
at present supplies us with the best and most correct notion of the grand distinctions 
existing between physical and physiological nature. The individuals, then, of which 
chemistry treats are mere atoms of simple bodies — every massive simple body is merely 
a group of individual atoms— <each of these atoms is, in a very definite sense, an inde- 
pendent individual ; it possesses all the properties which belong to the mass or aggregate 
in which it is seen to exist ; by being separated from that mass it loses nothing ; in the 
present system of things it is imperishable ; it knows no decay, it knows no &tigue, it 
knows no exhaustion of its properties,, it knows no dissolution or death. From its first 
creation to the time when the Eternal shall pronounce tiie fiat of its extinction, it 
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knows no change of character. How different are the termfl in which the individual 
falling under physiological nature must be spoken of! Here the indiyidoality lies in 
the peculiar aggregation of a great mass of different particles ; no two individuals are 
exactly alike ; no individual is exactly like itself even for a moment ; there is a per- 
petual change; even the very atoms which compose the individual are continually 
disappearing — ^the form remains, while the substance is continually changing; there is an 
unceasing rise, progress, decay, and dissolution ; the dissolution, however, does not lie in 
the loss of the constituent substance, but in the failure of the indispensable form. Here, 
then, lies the great distinction between the individuals of physiological nature and the indi- 
viduals of physical nature. In physical nature each individual retains thxoughout all time 
its proper identity ; is always the same under the same circumstances; associates itself in 
innumerable ways with other individuals like itself, but never loses its own peculiar 
properties and character. The individual of physiological nature retains its identity 
through the best part of a century, while the substance which renders it a sensitive 
body is continually undergoing a change. It retains no identity of mere matter, but 
only an identity of form and spirit. An atom of carbon now exists in the crayon of the 
artist ; now floats about the atmosphere from pole to pole in a new combination ; now 
enters into the constitution of some vegetable nature ; now is a component part of 
some animal frame ; now is cast forth again into the atmosphere, and thus enjoys an 
immortality of existence altogether free from the laws of accident, disease, or death. 

Physiology is the truest guide in medicine ; and man is by nature a physician—- is an 
observer of diseases, and of the means under which, whether by design or. accident, 
diseases have disappeared. Medicine in its ruder states exhibits a few individuals who 
have not only been themselves diligent observers of diseases and remedies, but also 
inquirers into the experience of others. There are certain parts of medicine and 
surgery open to common observation without much risk of deception or error. But 
as long as a man is ignorant of physiology he is groping in the dark ; he is deceived at 
evBry step; he mistakes mere successive occurrences for events standing in the relation 
of cause and effect ; and, if he be of a rash character, or even only of an ardent mind, he 
is very apt by his interference to aggravate rather than promote the cure of disease. 
When physiology has made some progress— that is to say, when ttie spirit in which the 
Creator willed the actions of living nature to take place has been apprehended— then men 
begin to discriminate the shades of disease with more accuracy, and to observe with less 
risk of error what remedies have contributed to a cure. . Till physiology made such pro- 
gress, medicine was overburdened with precepts rashly inferred by unskilful observers. 

The last great use of the science of physiology to which we shall advert, is its 
intimate connection with that science which points out the evidence of design in nature ; 
and it is in the organic world chiefly that we find such evidences. 

It is a great error to suppose that human knowledge is confined to determining 
the laws according to which phenomena occur. Those who study the evidence 
of design in the universe, are sometimes reproached with deviating from the proper 
purpose of philosophy. They are t( Id that philosophy has nothing to do with the origin 
of things ; but only with the laws which regulate the phenomena which man is capable 
of observing. But this is an assumption purely gratuitous. It is quite true that man 
in early ages made small progress, attempting to find out the purpose for which 
everything that exists was made. It is also true that Bacon described final causes as 
barren of effect. But if we find that the knowledge of nature, and particularly of 
organic nature, has now advanced so far that the study of the purposes for which 
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organic parts were made, leads to the elucidatioii of the science ; and that the stt^^ 
final causes is no longer that harren pursuit vrhich it was in Bacon's time ; then w\ 
entitled to repel this reproach, and to consider on what grounds it is affirmed that maK^ 
knowledge mustrhe confined within the investigation of the mere laws of phenomena!^ 
and not extend to the study of the purposes to which the yaiious forms of organic struc- 
ture are subservient. There is nuinifestly no other ground for affirming that human 
inquiry should be confined to the study of the laws according to which phenomena take 
place, than the argument that this is the only way in which himian knowledge can be 
extended. Those who so argue altogether ignore physiology. The most ancient 
expression for physiology is the usus parttutriy that is to say, the use of the parts of the 
body. What does this mean ? Surely it signifies that the study of the parts of the 
animal frame and of the vegetable structure, leads to a knowledge of the design with 
which the animal or the plant was made after that fEuhion. The discovery of the use 
of a part is not only a new step in physiology, but the observation of the relation between 
the structure of a part and its function is a fact in evidencing design. Till that discovery 
is made the human mind remains altogether unsatisfied with the most minute knowledge 
of the mere structure. ' The extent to which this is true will at once appear from the 
species of shame with which anatomists and physiologists point out those organs in 
the animal frame, the distinct use of which has not yet been discovered. There are 
such organs in the body, for example the spleen, the thyroid gland over the upper part 
of the windpipe, the supra-renal capsules, and some parts in the anatomy of the embryo. 
The most persevering efforts are continually made to connect the structure of such parts 
with some definite, use in the living body. What ore these efforts but the most con- 
clusive confession that the human mind cannot rest satisfied with the mere knowledge 
of the size, the form, the minute internal structure of a part, unless it be able to con- 
ceive with what purpose that part was placed in the situation which it occupies ? 

The character of human knowledge is not to be sought in the speculations of philo- 
sophers. A fiEur truer standard of the character of human knowledge will be obtained 
frt>m the common principles which pervade the minds of mankind at large. It is 
vain to attempt to extinguish man's curiosity to know why a part was so constructed, 
or why it was placed in the situation which it occupies. Such inquiries are as 
natural to him as the desire to discover the laws which reg^ulate the succession 
of phenomena. It is not to be supposed, however, that man has been gifted with 
powers sufficient to discover the whole plan on which organic nature is constructed. 
He need not expect to become able to explain the particular purpose of every variety 
of structure which he discovers in the animal and vegetable kingdom. It is long since 
physiology reached the truth that, in some species, there are parts of structure which 
do not seem to have any special office, or any special bearing on peculiar habits. It 
is long since physiology became acquainted with what are termed rudimentary struc- 
tures, both in the imperfect and in* the mature state of individuals. The simplest 
example of a rudimentary organ is the mamma in the male of the hunmn race. It 
performs no office. The disciple of a positive philosophy points to those organs, and 
sneeringly asks how this is to be reconciled with our doctrines. But, suppose all the 
rudimentary organs which are known, and all the peculiarities of structure in anim i^^fi^ 
which seem to serve no useful purpose in relation to the habits of the animal, were 
deducted ; what an infinitesimal proportion would the total amount of these make as 
compared with the vast array of organs with distinct uses, left to constitute the evidence 
of design! The disciple of a positive philosophy sarcastically asks, of what use it is 
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to the whale to liaye the bones corresponding to each of the bones in the human arm, 
or upper extremity ? Here we answer by referring him to his faronrite term, ulw : it 
is a law that the great orders of animals are dereloped upon one grand type. This law 
we discover by observation ; it is a part of inductive science ; it has nothing to do with 
design. But, having ascertained this law of development according to the type, we 
then discover that that type is made to bend into a conformity with the particular 
habits and usages of each species. 

Here, then, is a great fact ; and notwithstanding the law, in obedience to which 
the unwieldy whale, with its short fin-like arms, has in those arms a bone cor- 
responding to every one of those in the human upper extremity, yet are these 
anidogies of the human bones so modified as in the most perfect manner to become sub- 
servient to the different uses to which this animal applies its anterior extremity. The 
disciple of the positive philosophy no doubt says^nsurely the fore-paw of a whale 
might have been constructed on a more simple plan, to answer all the uses to which it 
is subservient. But does this answer shake the foundations of the evidences of design ? 
Before his arguments become of any avail, he must show that the fore-paw of the 
whale is unfit for the purposes required by the habits of that animal, because it is 
framed on the type of the human upper extremity. "We do not pretend to say why 
it has pleased the Authok of Katxtbe to establish that law according to which the 
skeleton of mammals conforms to a certain type ; but we do afiirm that the Avthob of 
Natubb, having restricted His creative power within the limits of that type, has dis- 
played incontrovertible evidence of design in adapting the type of the human arm to 
the form of the fore-paw of the whale, in conformity with the uses which that part has 
to perform. 

Such, then, is the kind of difficulty which presents itself in our reasonings upon 
design. The physiologist should never forget that his subject falls under the laws of 
inductive science, in as far as these are applicable to it ; and he should never permit the 
disciple of a positive philosophy to refuse him the alternative of so regarding it, or 
considering the discovery of the fitness of means to an end as a new step in its progress. 

A very remarkable feature in physiological nature is, that, after all, each individual, 
though composed of materials derived from mineral nature, is not dependent for his 
individuality and identity on the continued presence of that same aggregate of mineral 
substances. At every moment the materials of which a human being is composed are 
passing away, and giving place to new materials derived from without. In a short 
period of time, the substance of his body is entirely changed, yet his individuality, his 
identity, his personality remain. He is the same, and yet different. He is no longer 
the same matter ; but he is the same man. The man is therefore something different 
from matter. Let the disciple of the positive philosophy expound this to us ; if every- 
thing be material— if all the phenomena of the organic world be the result of internal 
laws belonging to material substances, what is it that represents man throughout his 
long life, notwithstanding the perpetual change of the matter which at any one moment 
composed his bodily frame } Man surely is something different from matter ; he is a 
thinlriTig spirit, and one of the earliest of his thoughts is to refer the changes which he 
sees taking place around him to Infinite Power, and to recognise in the accommodation 
of means to ends, the inherent design of Infinite Intelligence. 

Truly did Galen say—" The study of physiology is a hymn in honour of the Deity," 

THE EDITOR. 
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Pzinciples of Osteology. — ^The original substance of aTiimals consists of a 
fluid with granules and cells. In the course of deyelopment tubular tracts are 
formed, some of which become filled with "neurine" or nervous matter; others 
with "myonine" or muscular matter; other portions are converted into glandular 
substance : a great proportion of the rest of the primordial matter forms " cellular 
substance." This substance, in many animals, becomes hardened, in certain parts of the 
body, by earthy salts. When those salts consist chiefly of phosphate of lime, the 
tissues called " osteine," or bone, and " dentine," or tooth, are constituted, between 
which the chief distraction lies in the mode of arrangement of the earthy particles, in 
relation to the maintenance of a more or less free circulation of the nutrient juices 
through such hardened or calcified tissues. In bone certain canals are left, of a calibre 
sufficient for the passage of capillary blood-vessels through the tissue. StiU more minute 
tubes, sometimes expanding into cell-like cavities, are established for the slower per- 
colation of the colourless fluid of the blood, called " plasma," or " liquor sanguinis." 
In true or hard dentine provision is made, by fine tubes, for the passage of plasma 
through its substance ; but the red particles of the blood are excluded. 

True osteine and dentine are peculiar to the highest division or province of the 
Animal Kingdom, which province has been termed " Vertebrata," from the prevalent 
disposition of the osseous matter in successive groups of more or less confluent bones 
called " vertebrsB." (From verto, I turn ; these being the parts on which the body 
bends or rotates.) 



ORGANIC NATURE.— No. VI. 
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Before entering upon the disposition of the bony matter, a few words may be pre- 
mised as to the composition of that matter in the different classes of Yertebrata. These 
classes are four :— Fishes, Beptiles, Birds, and Mammals, which latter class includes 
the hair-dad beasts, commonly called quadrupeds, with the naked whalei^and human 
kind. Fishes have the smiJlest proportion, birds the largest proportion, of the 
earthy matter in their bones. The animal part in all is chiefly a gelatinous substance. 

PB0P0RTI0N8 OF EAB.THT OR INORGAinC, AND 07 ANIMAI. OR ORGANIC, MATTER IN 
THE BONES OF THE VERTEBRATE ANIMALS. 



SsuIIlOIi. 

Organic 60*62 

Inorganic 39*38 



100*00 



Prog; 

Organic 35*60 

Inorganic 64*50 



100-00 



Porpoise. 

Organic 35*90 

Inorganic 64*10 



10000 



Carp. 
40*40 
59-60 

100-00 



Snake. 
31-04 
69*96 

10000 



Ox. 
31*00 
69-00 

10000 



Lion. 
27-70 
72-30 

100-00 



Cod. 
34-30 
66-70 

100-00 



Lisard. 
46*67 
63-33 

100-00 



Man. 
3103 
68-97 

100*00 



Goo8e^ 

Organic 32*91 

Inorganic 6709 



10000 



Turkey. 
3049 
69*51 

10000 



Hawk. 
26*72 
73-28 

100-00 



From the above table it will.be seen that the bones of the fresh- water fishes have 
more animal matter, and are, consequently, lighter than those of fishes from the denser 
element of sea-water ; and that the marine mammal called porpoise differs little tcom 
the sea-fish in this respect The batrachian frog has more animal matter in its bones 
than the ophidian or saurian reptiles, and thereby, as in other respects, more resembles 
the fish. Serpents almost equal birds in the great proportion of the osseous salts, and 
hence the density and ivory-Uke whiteness of their bones. 

The chemical nature of the inorganic or hardening particles, and of the organic 
basis of bone, is exemplified in the subjoined Table, including a species of each of the 
four classes of Vertebrata : — 
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GHBMICAL COMPOSITION OF BOMBS. 



Phosphate of lime, with trace of flaate 
of lime 


Hawk. 


Man. 


Tortoise. 


Cod. 


64-39 
703 
0-94 

0-92 

2573 

0-99 


59-63 
7-33 
1-32 

0'69 

29-70 

1-38 


52-66 
12 53 
0-82 

0-90 

31-75 

1-34 


67-29 
4-90 
2-40 

1-10 

32-31 

2-00 


Carbonate of lime 


Phosphate of magnesia 


Sulphate, carbonate, and clilorate of 
soda 


Glutin and chondrin 


OU 




100-00 


100-00 


10000 


10000 



Bony matter is very yarioualy disposed in the bodies of vertebrate animals. The 
sturgeon, the crocodile, and the armadillo are instanoes of its accumulation upon or 
near the sur&ce of the body ; and hence the ball-proof character of the skin of the 
largest of these mailed examples. The most constant position of bone is around the 
central masses of the nervous and yasoular systems, with rays thence extending into 
the middle of the chief muscular masses, forming the bases of the limbs. Portions of 
bone are also developed to protect and otherwise subserve the organs of the senses, and 
in some species are found encasing mucus-ducts, and buried in the substance of certain 
viscera — as, e, g.y the heart in the bullock and some other large quadrupeds. Strong mem- 
branes, called *^ aponeurotic," and certain leaders or tendons, become bony in some animals; 
as, e, y., the *^ tentorium" in the cat, the temporal fascia in the turtle, ^e leaders of the 
leg-muscles in the turkey, the nuchal ligament in the mole. Fig. 41, «, and certain 
tendons of the abdominal muscles of the kangaroo, which, so ossified, are called the *^ mar- 
supial bones." Fig. 44. 

For a clear and intelligible view of the osseous system in general, it has become 
requisite to make a primary classification of its parts according to their prevalent 
position, as in the cases above cited. The superficial or skin-bones constitute the 
system of the " dermo-skeleton" (from the Greek dermoj skin, and skeleton) ; the 
deep-seated bones, in relation to the nervous axis and locomotion, form the '^neuro- 
skeleton" (Or. neuron, nerve, and ekeleton), the bones connected with the sense-organs 
and viscera form the ^^splanchno-skeleton" (Gr. splagchnon, viscus, or inward part, 
and skeleton) ; those developed in tendons, ligaments, and aponeuroses, the " sclero- 
skeleton" (Gr. seleros, hard, and skeleton). These technical terms may seem harsh, 
and sound strange to those commencing the study of the structure of animals, but the 
most complex product of creation cannot be comprehended without terms expressive of 
the results of the classification and generalization of the manifold phenomena it offers 
to the contemplative student. 

In the arrangement of the parts of the dermo-, splanchno-, and sclero-skeletons, no 
common pattern is recognisable. One can discern a definite end or purpose gained by 
the positions those terms indicate of certain bony plates, cases, or rods, and the special 
relation of such to the habits and well-being of the creatures manifesting them ; but 
the diversity in the number, size, shape, and relative position of such dermal bones and 
visceral bones seems interminable. 

The head of the sturgeon, Fig. 1, is defended by a case of superficial bony plates, 
d Zt d *ly d \\, &c., and the body by five longitudinal rows of similar plates — one 
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extending along the mid-line of the back, da, de^ one along each aide of the body, 
<^, <^, and two along the boUy, dh, dh, between the fins called << pectoral," 67, and 




msxc AKD KXURO-SKSLBTON8— 8TUBOXOM {Acipemer Sturio)* 

** ventral" The observations of the Ichthyologist, or of those concerned in the capture 
of the sturgeons for the sake of their air-bladder, of which the most valuable isinglass 
consists, show us how well the external defensive armour of these fishes is adapted to 
their mode of life. The sturgeons may be called the scavengers of the great rivers 
which they frequent : they habitually swim low, and grovel along the bottom, turning 
up the mud and sand with their pig-Kke snout, testing the disturbed matter with 
their feelers, 6, and feeding in shoals, on the decomposing aniTnal and vegetable sub- 
stances which are carried down with the debris of the continents drained by those 
rapid currents ; thus they are ever busied reconverting the substances, which otherwise 
would tend to corrupt the ocean, into their own living organized matter. These fishes 
are, therefore, duly weighted by a ballast of dense dermal, osseous plates — ^not scattered 
at random over their surface, but regularly arranged, as every seaman knows how 
ballast should be, in orderly series along the middle and sides of the body. The pro- 
tection against the logs and stones hurried along their feeding-grounds, which the 
sturgeons derive from their plate-armour, renders needless the ossification of the imme- 
diate case of the brain and spinal marrow, and consequently all the parts of the neuro- 
skeleton, eh, pi, «, ns, remain in the flexible, elastic, gristly state ; the weight of 
the dermoakeleton requiring that the other systems of tiie skeleton should be kept as 
light as might be compatible with its defensive and sustaining functions. This view of the 
final purpose of the dermal bony plates in the existing sturgeons affords some insight into 
the habits and conditions of existence of the similarly mailed extinct fishes which 
abounded in the seas of the secondary periods of the geological history of this planet. 
In most of these fishes, as in the sturgeons, the dermal bones are coated externally 
with a much harder material, resembling enamel, and such fishes have accordingly 
been termed " ganoid," from the Greek word " ganos," signifying brightness. The 
ganoid plates in those extinct fishes are usually more close-set, overlapping each other, 
and being fastened together like tiles, by a peg of one entering a socket in the next, 
and reciprocally. Only two genera of fishes are now known to exhibit this beautiful 
arrangement of the dermal bones, viz., the polypterua of the Nile, and the lepidosteus of 
the Ohio, and other great rivers of North America. 
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In the armftdillo the d^noal ban^ Fig» 2, o S, jire small, polygraiBl, usually fiyie- op 

aix-sided, smoolh ou their unuar suxfkce, 
^^f ^' which Tcsta oa tktj soft Eubcutanieoua layer 

of cellular tisBue^ yajioudy sculptured cm 
the out^r eJid eiposed side^ hut with a 
pattern cou3tai\t iuj and characteristic of, 
each epccies* They are united together at 
their thick margins by rough or *' ButuraT' 
surfaces, and resemble a tessellated pave- 
ment. The trunk is proteotcd hy a large 
buckler of thia bony armour ; the bead is 
defended hy a casqae of the same ; and 
the tail is ent^asod in a sheath of dmQar 
interlocked ossicles. To allow of the re- 
qui-iite movements nf the trunk in tkc 
small existing armajdillos, which, when 
attacked, roll themaclTfta into a ball, from 
three to nine transyerse rows of the dermal 
bouca, ft ft, aro interposed, haymg a yielding elastic junction with each other, and with 
the anterior, ^ o, and posterior Exed, and largcFj parts of the trunk- aJ*mour ■ and by this 
modification the head and Hmbs can be withdraini beneath the ajrrjour, when its parts 
ure pulled together by the strong cutaneous muscles into a hemispheric form. In 
Simth America, to which continont the ftrmadillos arc peculiar j remains of gigantic 
quftdrupp^, similarly defended, have been discovered in the more recent tertiary 
deposits; but in these colossal armadillos (Giyptod^n) the tmnk-annour was in ona 
immervable piece, covering the back and sides, and was not divided by bands. Besides 
the defence which such a modification of the integuments would afiord against the 
attacks of predatory animals, the armadillos and glyptodons habitually frequenting 
the great forests of South America may have been protected by the same hard, ancbcd 
covering from falling timber. 

Such arc some of the jnstMUjes of the structure and tiACS of the dcrmoskcloton in 
the vertebrate province. The development of this system of the fikeleton is not 
dependent on the grade of organisation, for wo find it in the highest and in the lowest 
elassea ; nor doefl a great amount of osseous matter in the akin necc&Barily involve a 
small amount or absence of the same matter in the deeper-seated skeleton ; for all the 
parte of this system of b^ne?, a, ff, rf, trt, t ? ^ are as well developed and as weU ossified in 
the armadillos as in the quadrupeds which are covered by hair. The different states of 
the neuroskaleton in the stuTgoon and armadillo are explicable only with rcf<^rcncD to 
the different media and other conditions under which the two vertebrates were destined 
to esdat. 

In no flpecies and in no system of the skeleton are bonoa a primary formation of the 
animal: they ace the result of transmutations of pre-existing tiesucB, as aubstnucea 
composinganimalbodies—e,^*, nerve, muscle, membrane, &c.— are called. The inorganic 
salts, defined in the tabidar view of the composition of bone, pre-esiet in the blood, in 
the albumen of tho egg of the OFiporoua vertebrates, and in the milk which nouriahea 
the new-bom mammaL 

Th3 primitive basis, or "blastema," of bone ifl a subtransparont glairy mattefr^ 
contaimng & multitude of minute eorpuselea« It progreaaiTely acquires increased 
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firmness-— sometimes assumes a membraiuras or ligamexLtous state, sometimes a gristly 
state, before its conyersion into bone. Its assumption of the gristly state is attended 
by the appearance in it of numerous minute nucleated ceUs. As the gristle or *^ car- 
tilage" hardens, these ceUs increase in number and size, and are aggregated in rows at 
the part where ossification is about to begin. These rows, in the cartilaginous basis of 
long bones, are vertical to its ends — ^in that of flat bones they are vertical to the peripheral 
edge. The nucleated cells are the instruments by which the earthy particles are arranged 
in order ; and in bone, as in tooth, there may be discerned, in this predetermined 
arrangement, the same relation to the acquisition of strength and power of resistance, 
with the greatest economy of the building material, as in the disposition of the beams 
and columns of a work of human architecture. 

Osteine, so formed, is arranged in thin plates, concentrically around the vascular 
canals, around the entire circumference of the long bones, and in interrupted plates, 
connecting together the walls of the vascular canals, so as often to give rise to a reticu- 
lar disposition of the^bony substance. 

In fishes the bones continue to grow throughout life, and their periphery, whether 
in the flat bones of the head which overlap each other, or the thicker bones that inter- 
lock, is cartilaginous or membranous, and the seat of progressive ossification. The long 
bones of most reptiles retain a layer of ossifying cartilage beneath the terminal articular 
cartilage ; and growth continues at their extremities while life endures. Some of the 
long bones in frogs, birds, and most of those in Tnammals, have their ends distinct from 
the body or shaft of the growing bone, these separately ossified csnds being termed 
" epiphyses :" the seat of the active growth of the shaft is in a cartilaginous crust at the 
ends supporting the epiphyses ; when these coalesce with the shaft, growth in the direc- 
tion of the bones' axis comes to an end ; but there is a slower growth going on over 
the entire periphery of the bone, which is covered by a membrane, called the "perios- 
teum." In this membrane, the vascular system of a bone, except the vessel supplying 
the marrow-cavity, imdergoes the amount of subdivision which reduces its capillaries 
to dimensions suited for penetrating the pores leading to the vascular canals. 

Thus bone is a living and a vascular part, growing by internal molecular addition 
and change, and having the power of repairing fracture or other injury. The shells 
and crusts of molluscous and crustaceous animals are imvascular ; they grow by the 
addition of layers to their ^cumference, may be cast off when too small for the growing 
body, and be reproduced of a mcH% conformaUe size. When fractured, the broken parts 
may be cemented together by newly superadded shell-substance from without ; but are 
not unitable by the action of the fractured surfaces from within. 

Extension of parts, however, is not the sole process which takes place in the growth 
of bone ; to adapt a bone to its destined office changes are wrought in it by the 
removal of parts previously formed. In fishes, indeed^ we observe a simple unmodified 
increase. To whatever extent the bone is ossified, that port remains, and consequently 
most of the bones of fishes are solid or spongy lq their interior, except where the ossi- 
fication has been restricted to the surface of the primary gristly mould. The bones of 
the heavy and sluggish turtles and sloths, of the seels, and of ike whalo-tribe, are solid. 
But in the active land quadrupeds, the shaft of the long bones of the limbs is hollow, 
the first formed osseous substance being absorbed, as new bone is being deposited firom 
without. The strength and lightness of the limb-bones are thus increased after th« well- 
known principle of the hollow column, which Galileo, by means of a straw picked up 
frrom his prison floor, exemplified, in refutation of a charge of Atheism brought agaimt 
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him by the Inquisition. The bones of birds, especially those of powerM fli^^t, aie 
remarkable for their lightness. The osseous tissue itself is, indeed, more compact than in 
other animals ; but its quantity in any giyen bone is much less, the most admirable 
economy being traceable throughout the skeleton of birds, in the advantageous arrange- 
ment of the weighty material Thus, in the long bones, the cavities analogous to those 
caUed '^medullary" in beasts, are more capacious, and their walls are much thinner ; a 
large aperture, dJled the " pneumatic foramen," near one end of the bone, communi- 
cates with its interior, and an air-cell, or prolongation of the lung, is continued into 
and lines the cavity of the bone, which is thus fiUed with rarefied air instead of marrow. 
The extremities of such air-bones present a light open net-work, slender columns shoot- 
ing across in different directions &om waU to wall, and these little columns are likewise 
hollow. 

The enormous beak of the hombill, which seems at first sight to constitute so grave 
an impediment to fiight, forms one enormous air-cell, with very thin bony walls ; and 
in tiiis bird, in the swifts, and the humming-birds, every bone of the skeleton, down to 
the last joints of the toes, is permeated by hot air. The opposite extreme to the above 
members of the feathered dass is met with in the terrestrial apteryx (wingless bird of 
New Zealand), and in the aquatic penguin ; in both of which, not any bone of the skele- 
ton receives air. Intermediate gradations in the extent to which the skeleton is per- 
meated by air occur in different birds, and in relative proportion to their different kinds 
and power of flight. 

In the mammalian class, the air-oeUs of bone are confined to the head, and are 
filled from the cavities of the nose or ear, not from the lungs. Such ceUs are called 
" frontal sinuses," " antrum," ** sphenoidal" and ^* ethmoidal sinuses" in man. The 
frontal sinuses extend backwards over the top of the skull in the ruminant and some 
other quadrupeds, and penetrate the cores of the horns in oxen, sheep, and a few 
antelopes. The most remarkable development of air-oeUs in the mammnlian dass is 
presented by the elephant; the intellectual physiognomy of this huge quadruped being 
caused, as in the owl, not by the actual capacity of the brain-case, but by the enormous 
extent of the pneumatic cdlular structure between the outer and inner plates of the 
skull-wallB. 

In an these varied modifications of the osseous tissue, the cavities therein, whether 
mere cancelli, or small medullary cavities as in the crocodile, or large meduUary 
cavities as in the ox, or pneumatic cavities and sinuses as in the owl, are the result of 
secondary changes by alMorption, and not of the primitive constitution of the bones. 
These are solid at their commencem^t in all dasses, and the vacuities are established 
by the removal of osseous matter previoudy formed, whilst increase proceeds by fredi 
bone being added to the exterior sur£eu}e. The thinnest-walled and widest air-bone of 
the bird of flight was first solid, next a marrow bone, and finally became the case of an 
air-cdl. The solid bones of the penguin, and the medullary femur of apteryx, exem- 
plify arrested stages of that course of devdopment through which the pneumatic wing- 
bone of the soaring eagle had previoudy passed. 

But these mechanicd modifications do not exhaust all the changes through which 
the parts of a skdeton, ultimately becoming bone, have passed : they have been pre- 
vioudy of a fibrous or of a cartilaginous tissue, or both. Entire skdetons, and parts of 
skdetons, of vertebrate nnimals exhibit arrests of these early stages of devdopment ; and 
this quite irrespective of the grade of the entire animal in the zoologicd scde. The 
capsule of the eye-ball, for example, in man, is a fibrous membrane ; in the turtie, it is 
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gristle ; in the raimy, and most other fishes, it is bone. The skeletal framework of 
the litUe lancelet-flsh {Branchiostoma) does not go beyond the fibrous stage of tissue- 
In the sturgeon, skate, and shark, it stc^ at the gristly stage, and hence 



Kg. S. 



these fishes are called " cartilaginous." In most fishes, and all air-breathing yerte- 
brates, it proceeds to the bony stage, with tiie subsequent modifications and derelop- 
ments above recited. 

The main part of the skeleton — what may be termed the skeleton proper — consists 
of the neuroskeleton ; and it is in the construction of this system that the most interest- 
ing and beautiful evidences of unity of plan, as well as of adaptation to end, have 
been discerned. The parts of the neuroskeleton are arranged in a series of segments, 
following and articulating with each other, in the direction of the axis of the body, from 
before backwards in brutes, from above downwards in man. 

Each complete segment, called " vertebra," consists of a series of osseo«us pieces, 
arranged according to one and the same plan (Fig. 3), 
viz., so as to form a bony hoop, or arch, above a central 
piece, for the protection of a segment of the nervous axis, 
and a bony hoop, or arch, beneath the central piece, 
for the protection of a segment of the vascular sys- 
tem. The upper hoop is called the neural arch, N (Or. 
neurottf nerve) ; the lower one, the " h»mal arch," H (Gr. 
haima, blood) ; their common centre is termed the " cen- 
trum," e (Gr. kentron, centre). The neural arch is formed 
by a pair of bones, called " neurapophyses," nn (Gr. for 
nerve and apophysis, a projecting part or process) ; and by 
a bone, sometimes deft or bifid, called the *' neural spine," 
ns; it also sometimes includes a pair of bones, called 
'^diapophyses," dd (Gr. dia, across, or transverse, and 
apophysis). The hsemal arch is formed by a pair of bones 
called " pleurapophyses," pi (Gr. plmron, rib, and apophy- 
sis) ; by a second pair, called " hasmapophyses," h (Gr. 
for blood, and apophysis) ; and by a bone, sometimes bifid, 
called the *' luemal spine," hs. It also sometimes includes 
parts, or bones, called "parapophyses" (Gr. jwra, trans- 
verse, and apophysis). Bones, moreover, are developed, 
which diverge as rays, from one or more parts of a vertebra. 
The parts of a vertebra which are developed from 
independent centres of ossification are called " autogenous ;" those parts that grow out 
from previously ossified parts are called '* exogenous ;" the autogenous parts of a 
vertebra are its " elements," the exogenous parts its " processes." No jmrt, however, 
is absolutely autogenous throughout the vertebrate series, and some that are exogenous 
in most are autogenous in a few instances. The line cannot be strictly drawn ; and, 
in classifying the parts of a vertebra, as of other parts of animals, or of entire animals, 
the systematist must be guided by general rules, to which there will ever be some 




TYPICAL ▼BaTKBRA.— (ideal.) 



The elements, or autogenous parts, of a vertebra are the centrum, <?, the neurapo- 

* The doctrine or study at this kind of development— the deyelopment of suhstanoe and texture* 
as contradistinguished from that of size and shape— is now termed ** Histology," from the Greek 
hutosynet or tissue, and logos, a doctrine or discourse. 
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physes, n, the neural spine, tUy the pleurapophyses, pl^ the hsemapophyses, A, and the 
hajmal spine, hs. The exogenous parts are the diapophysis (Fig. 5), d, the parapophy- 
sis (ib,) j», the zygapophysis (Fig. 6), z (Gr. zugos, junction, and apophysis), the 
anapophysis (Fig. 2), a (Gr. ana, backwards, and apophysis), the metapophysis (t^.), m 
(Gr. meta, between, and apophysis), the hypapophysis (Fig. 5), y (Gr. hf/po, below, 
and apophysis), and the epapophysis (Fig. 4), e (Gr. ept, above, and apophysis). Of 
the autogenous parts, the neural spine is most commonly exogenous; of the ex- 
ogenous parts, the parapophyses, diapophyses, and hypapophyses are sometimes 
autogenous. 

VertebrsB are subject to many and great modifications — e. g., as to the number of the 
elements retained in their composition, as to the form and proportion of the elements, 
and even as to the relative position of the elements ; but the latter modification is never 
carried to such a degree as to obscure the general pattern or type of the segment. 




PARIBTAL SEGMENT, OB TERTEBBA- 
MAN. 



TTPICAL VEBTBBBA. 



Sometimes, as in the example (Fig. 4) of the third segment of the human 
skeleton, the neural arch, N, is much expanded, the hssmal one, H, is contracted ; and, 
in the expanded neural arch, the autogenous diapophyses, dd,Bie wedged between the 
neurapophyses, «, and the enormously expanded neural spine, ns. More commonly, 
as in the example from the raven's thorax (Fig. 6), the haemal arch, H, is much 
expanded, the neural one, N, contracted ; and in the expanded hsemal arch, the para- 
pophysis, p, here exogenous, is wedged between the centrum, C, and the pleurapophysis, 
pi. Sometimes, again, as is exemplified in the tail of the crocodile and of many other 
animals, both neural and hsemal arches are alike contracted ; the pleurapophyses, pi, 
being excluded from the latter, and standing out as continuations of the confluent 
diapophyses, d, and parapophyses, p. Such vertebrae deviate but little from the ideal 
type of the vertebra, imder its less developed condition, as in Fig. 6. The segments 
are commonly simplified and made jailer as they approach the end of the vertebral 
column or axis, one element or process after another is removed, until the vertebra is 
reduced to its centrum, as in the subjoined diagram (Fig. 7), of the archetype verte- 
brate skeleton. In this scheme, whidi gives a side view of the series of segments or 
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yertebre, the nature of the principal modifica- 
tions to which they are subject are indicated, at 
the two extremes of the series. 

As the four anterior divisions of the great 
trunk of the nervous system are called, collec- 
tively, " brain," so the four corresponding seg- 
ments of the osseous system are called " eJcuII." 
The head, therefore, is not otherwise a repeti- 
tion of the trunk, than in so far as each seg- 
ment of the skull is a repetition or *^ homotype" 
of every other segment of the body ; each being 
subject to modifications which may give it 
an individual character, without obliterating 
its typical features. So neither are the " arms" 
and " legs" repeated in the head in any other 
sense than as the cranial vertebrsd may retain 
their " diverging appendages," 25, 37, 44, 63, a. 
The fore-limbs are actually such appendages, 
53, of the occipital vertebra, 1, 3, 2, 51, 52, 59, 
which appendages undergo modifications closely 
analogous to those of the appendages of the pel- 
vic segment, or " hind limbs," 65. And inasmuch 
as in one class the pelvic appendages, with their 
supporting haemal arch, 63, hs, are detached 
from the rest of their segment, and subject 
to changes of position (Fig. 9), 63, 69 ; so also 
in other classes the appendages of the occipital 
segment are liable to be detached, with their 
sustaining hsemal arch, and to be transported to 
various distances from their proper centrum 
and neural arch, as in Fig. 21, Nos. 51, 53, 57. 

The four anterior neurapophyses, 14, 10, 6, 
2, give issue to the nerves, the terminal modi- 
fications of which constitute the organs of special 
sense. 

The first or foremost of these is the organ 
of smell, 19, always situated immediately in 
advance of its proper segment, which becomes 
variously and extensively modified to inclose 
and protect it. 

The second is the organ of sight, 17, lodged 
in a cavity or " orbit" between its own and the 
nasal segment, but here indicated above that 
interspace. 

The third is the organ of taste, the nerve 
of which perforates the neurapophysis, 6, of 
its proper segment, called ** parietal ver- 
tebra," or passes by a notch between this and Fig. 7.— AmoBBrrpx vsetzbrats i 
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the neurapophysis, 10, of the frontal Tertebra, to expand in the organ, which is always 
lodged below, in the cavity called '* mouth,*' and is supported by the h»mal qpine, 
41, A#, of its own yertebra. 

The fourth is the organ of hearing, 16, indicated above the interspace between the 
neurapophysis of its own (occiiHtal) and that of the antecedent (parietal) vertebra, in 
which it is always lodged ; the surrounding vertebral elements being modified to form 
the cavity for its reception, which is called ^^ otocrane." The jaws are the modified 
hsBmal arches of the first two segments. 

The mouth opens at the interspace between these hsemal arches ; the position of the 
vent varies (in fishes), but always opens behind the pelvic arch, S, 62, 63, p, when this 
is ossified. 

Outlines of the chief developments of the dermoskeleton, in different vertebrates, 
which are usually more or less ossified, are added to the neuroskeletal archetype ; as, 
e. ff.f the median horn supported by the nasal spine, 15, in the rhinoceros ; the pair of 
lateral horns developed from the frontal spine, 11, in most ruminants; the median 
folds, Di, Dn, above the neural spines, one or more in number, constituting the 
'* dorsal" fin or fins in fishes and cetaceans, and the dorsal hump or humps in the 
buffaloes and camels ; similar folds are sometimes developed at the end of the tail, 
forming a ** caudal" fin, C, and beneath the haemal spines, constituting the " anal" fin 
or fins. A, of fishes. 

The different elements of the primary segments are distinguished by peculiar 
markings: — 

The neurapophyses by diagonal lines, thus — Am7 



The diapophyses by vertical lines — 

The parapophyses by horizontal lines— ^^ 

The centrum by decussating horizontal and vertical lines— 

The pleurapophyses by diagonal lines— vW\ 

The appendages by dots — ] [ [ [ ', 

The neural spines and haemal spines are left blank. 

In certain segments the elements are also specified by the initials of their names :— 
fu is the neural spine, 
fi is the neurapophysis. 
pi is the pleurapophysis. 
e is the centrum. 
A is the haemapophysis, also indicated by the Nos* 21, 29, 

44, 52, 58, 63, 64. 
A« is the hasmal spine. 
a is the appendage. 

The centrum is the most constant vertebral element as to its existence, but not as to 
its ossification. There are some living fishes, and formerly there were many, now 
extinct, in which, whilst the peripheral elements of the vertebra become ossified, the 
central one remains unossified ; and here a few words are requisite as to the develop- 
ment of vertebrsD. 
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172 DEVELOPMENT OF VERTEBRA. 

The central basia of the neuroskeleton is laid down in the embryo of cyerj yertebrate 
animal, as a more or less cylindrical fibrous sheath, filled with simple cells containing 
jeUy. This fibro-cellulo-gelatinoiis column is called " notochord," Fig. 1, eh (Gr. notos, 
back; chorda, cord; in Latin, "chorda dorsaUs"). The centrums, or "bodies of the 
vertebrse," as anthropotomists call them, are deyeloped in and firom the notochord. The 
bases of the other elements of the yertobra are laid down in fibrous bands, diyerging 
from the notochord, and giying the first indication of the segmental character of the 
skeleton. At this stage the skeleton of the little fish called " lancelet" {Jmphioxua 
lanceolatua) is arrested. These fibrous bands are next conyerted into cartilage, and the 
cartilage is in definite pieces in each segment, recognisable as " neurapophyses" (Fig. 1), 
n ; " pleurapophyses" (ii.), pi ; " neural spine" {ib.), ns — the centrums still remaining in 
their primitiye state as the undiyided notochord (ib.), ch. At this stage the skeleton of 
the sturgeon is arrested. The peripheral elements may be conyerted into bone, the 
central ones remaining as notochord, as in the protopterus, the lepidosiren, and many 
fossil fishes. But, more commonly, the next stage is the subdiyision of the notochord 
into a series of separate centrums, corresponding with the pairs of neuriq[K)physes and 
pleurapophyses — ossification of all the parts being more or less imperfect, as in the 
sharks and rays, which haye thence been called " cartilaginous fishes." When the 
parts of the yertebrae haye become more completely ossified, as 
^' *• in the fishes called " osseous," ossification is rarely so adyanced 

as in the higher yertebrata. In most of these fishes, e. ^., a 
deep cayity is left at each end of the centrum (Fig. 8), «?, 
which cayity continues to be occupied by the liquefied gelati- 
nous remains of the primitiye notochord ; and the character- 
istic of such element in a fish's skeleton is, that it is 
" biconcaye." Of the minor amount of the earthy matter in 
the ossified parts of the skeleton of fishes, mention has been 
8ECTI0M0FVSKTEBRJE— FISH, already made; and the consequent greater flexibility and 
elasticity of such bones may be readily tested by whoeyer 
will bend one of the long spines in the skeleton of a cod or turbot, and contrast its 
flexibility with that of the similarly-shaped long and slender bone {pubiSy or Jibulay e. ff.), 
which he may find in the Christmas turkey that foUows in the feast. 

Two or more contiguous yertebrae are frequently subjected to the same kind of 
modification, either by way of excess or defect, and such groups of modified segments 
haye receiyed special names ; such, for example, as ** skull" {cranium), " neck" {cervix), 
"chest" {thorax), "pelvis," and "tail" {catida); and these terms are reciprocally 
applied, when modified as adjectiycs, to the indiyidual yertebrae so grouped together, 
and which are called " cranial vertebrae," " ceryical yertebrae," " dorsal" or " thoracic 
yertebrae," " sacral" or " pelyic yertebrae," and " caudal vertebrae." 

Skeleton of the Fish. — In all fishes the extent of ossification is less than in 
the higher yertebrate classes. Only in the skull do we find all the elements of the 
typical segment represented by bone. In the trunk, e. g., the haemapophyses and 
haemal spines never advance beyond the fibrous stage of tissue development. 

Four segments enter into the composition of the skull of fishes, answering to the 
first four in the archetype (Fig. 7), and they combine to constitute the bony framework 
of a head, larger in proportion to the trunk than in any other class of animals. The skull 
(Fig. 9), 3, 52, hr, forms a cone, whose base is vertical, directed backwards, and joined 
to the trunk without an intervening neck, and whose sides are conmionly three in 
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niunber, one superior, and two lateral and inferior. The cone ia shorter or longer, 
more or less compressed or squeezed horn side to side, more or less depressed or flat- 
tened from above downwards, with a sharper or blunter apex, in different species 
of fishes. The base of the skull is perforated by the hole, called " foramen magnum," 
for the exit of the spinal marrow ; the apex ia more or less widely and deeply 
cleft transversely by the aperture of the mouth ; the eye-sockets or " orbits," or, are 
lateral, large, and usually with a free and wide intercommunication in the ^eleton ; 
the two vertical fissures behind are called " gill-slits," or branchial or opercular aper- 
tures, and there is a mechanism, like a door, 34, 35, 36, for opening and closing them. 
The mouth receives not only the food, but also the streams of water for respiration 
(indicated by the arrow, Ar), which escape by the giU-slits. The head contains not only 
the brain and organs of sense, but likewise the heart and breathing organs. The inferior 
or "haemal" arches are greatly developed accordingly, and their diverging appendages 
support membranes that can act upon the surrounding fluid, and are more or less employed 
in locomotion : one pair of these appendages, P, 57, answers, in fact, to the fore-limbs 
in higher animals, and their sustaining arch, 51, 52, in many fishes, also supports the 
homologues of the hind-limbs, V, 69. Thus brain and sense-organs, jaws and tongue, 
heart and gills, arms and legs, may all belong to the head ; and the disproportionate 
size of the skull, and its firm attachment to the trunk, required by these functions, are 
precisely the conditions most favourable for facilitating the course of the fish through its 
native element. 

It may well be conceived, then, that more bones enter into the formation of the 
skull in fishes than in any other animals ; and the composition of this skull has been 
rightly deemed the most difficult problem in Comparative Anatomy. "It is truly 
remarkable," writes the gifted Oken, to whom we owe the first clue to its solution, 
" what it costs to solve any one problem in Philosophical Anatomy. Without knowing 
the whaty the how, and the wAy, one may stand, not for hours or days, but weeks, before 
a fish's skull, and our contemplation will be little more than a vacant stare at its 
complex stalactitic form." 

To show what the bones are that enter into the composition of the skull of the fish ; 
how, or according to what law, they are there arranged ; and why, or to what end, they 
are modified, so as to deviate from that law or archetype, will next be our aim. 
These points, rightly understood, yield the key to the composition of the skull in aE 
vertebrata, and Hiey cannot be omitted without detriment to the main end of the most 
elementary essay on the skeletons of animals. The comprehension of the description 
will be facilitated by reference to Figs. 7 and 9 ; and still more if the reader have at 
hand the skull of any large fish. 

In the cod {fiadm morrhua *), e, g,, it may be observed, in the first place, that most 
of the Jt>ones are, more or less, like large scales ; have what, in anatomy, is called the 
" squamous" character and mode of union, being flattened, thinned off at the edge, and 
overlapping one another ; and one sees that, though the skuU, as a whole, has less free- 
dom of movement on the trunk, more of the component bones enjoy independent move- 
ments. Before we proceed to puU apart the bones, it may be well to remark, that the 
principal cavities, formed by their co-adaptation, are the " cranium," lodging the brain 
and the organs of hearing ; the " orbital," Fig 9, or, and the " nasal," «/, chambers ; 
the buccal and branchial canals, hr. Some of these cavities are not well defined. The 

• The skull of this fish, conreniently prepared for this examination, may be had of llr. Flower, 
No. 22, Lambeth Terrace, Lambeth Road. 
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exterior of the skull is traversed by fiye longitudinal crests, intercepting four rli<iTinf>1ii| 
which lodge the beginnings of the 



great muscles of the upper half 
of the trunk. The median crest 
is developed to an extreme height 
in some fishes, as, e. g,, the dol- 
phin and light -horseman fish 
(Ephippua). The flat-fishes (tur- 
bot, sole, &c.) are remarkable for 
the unsymmetrical character of 
the skull, in consequence of both 
eyes being placed on one side of 
the head. 

In the analysis of the cod's 
skull it is best to begin at the 
back part; for the segments of 
the skeleton deviate most from 
the archetype as they recede in 
position towards the two extremes 
of the body. After a little prac- 
tice one succeeds in detaching the 
bones which form the back part 
or base of the conical skull, and 
which immediately precede and 
join those of the trunk; we thus 
obtain a "segment" or "verte- 
bra" of the skuU. If we next 
proceed to separate a little the 
bones composing this segment, 
we find those that were most 
closely interlocked to be in num- 
ber and arrangement as fol- 
lows : — Two single and symme- 
trical bones, and two pairs of 
unsymmetrical bones, forming a 
circle; or, if the lower symmetri- 
cal bone, which is the largest, 
be regarded as the base, the other 
five form an arch supported by it, 
of which the upper symmetrical 
bone is the key-stone.* This 
answers to the " neural" arch of 
the typical vertebra: the base- 
bone is the " centrum," c ; the 
pair of bones, which articulated 
with its upper surface and pro- 

• See my work " On the Archetype of 
the Skeleton," 8vo, 1848, p. 10,Fig. 1. 
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tected the hind division of the brain, form the " neurapophyses," n ; the smaller 
pair of bones, projecting outwards, like transverse processes, are the " diapophy- 
ses," d; the symmetrical bone completing the arch, and terminating above in a long 
crest or spine, is the " neural spine," ns. It will be observed that the centrum is con- 
cave at that surface which articulates with the centrum of the first vertebra of the 
trunk : the opposite surface is also concave, but expanded and very irregular, in order 
to effect a much firmer union with the centrum of the next cranial segment in advance 
—great strength and fixity being required in this part of the skeleton, instead of the 
mobility and elasticity which is needed in the vertebral column of the tnmk. It may be 
also observed that the " neurapophyses" are perforated, like most of those in the trunk, 
for the passage of nerves ; that the diapophyses give attachment to the bones which form 
the great inferior or haemal arch ; and that the neural spine retains much of the shape 
of the parts so called in the trunk. Nevertheless, the elements of the neural arch of 
this hindmost segment of the skull have undergone so mudi development and modifica- 
tion of shape, that they have received special names, and have been enumerated as 
so many distinct and particular bones. The centrum. No. 1, is called ** basioccipital ;" 
the neurapophyses, No. 2, " exoccipitals ;" the neural spine. No. 3, " superoccipital ;" 
the diapophyses. No. 4, *^ paroccipitals." In the human skeleton all those parts are 
blended together into a mass, which is called the " occipital bone." 

The entire segment, here disarticulated, in the cod-fish, is called the " occipital ver- 
tebra," and in it we have next to notice the widely-expanded inferior or hsBmal arch. 
This consists of three pairs of bones. The first pair are bifurcate, and have two points 
of attachment to the neural arch, the lower prong, answerin^to what is called the " head 
of the rib," abutting upon the neurapophysis ; the upper prong, answering to the 
" tubercle of the rib," articulating to the diapophysis. The second pair of bones &re 
long and slender, and represent the body of the rib. The first and second piece together 
answer to the element called " pleiirapophysis ;" the third pair of bones are the ^* haema- 
pophyses ;" these support diverging appendages consisting of many bones and rays. 
The special names of the above elements of the haemal arch of the occipital vertebra 
are, from above downwards, " suprascapula," No. 60 ; " scapula," No. 61 ; " coracoid," 
No. 62. The inverted arch, so formed, encompasses, supports, and protects the heart 
or centre of the haemal system ; it is called the ** scapidar arch." There are animals — 
the gymnothorax and slow- worm, e. g, — in which this arch supports no appendage ; 
there are fishes— thejprofoi^fenw, e. g., Fig. 32— in which it supports an appendage in the 
form of a single many-jointed ray, retaining the archetypal character. Fig. 7, No. 63. In 
other fishes, the number of ra3rs progressively increase, until, in those called " rays " 
par excellence^ they exceed a hundred in number, and are of great length, forming the 
chief and most conspicuous parts of the fish. The more common condition of the 
appendage in question is that exhibited in the species figured. Cut 9. So developed, it 
is called in Ichthyology the " pectoral fin :" otherwise and variously modified in higher 
animals, the same part becomes a fore-leg, a wing, an arm, and hand. Some of the 
special names, originally applied to the parts of the scapular appendage in man, are 
retained and applied to like parts in the pectoral fin of the fish. Of the two fiat bones 
connecting the fin with the coracoid, the upper one is the " ulna," No. 64 ; the lower 
one the "radius," No. 55 ; the row of short bones joined with these are the " carpals," 
No. 66 ; the longer and more slender many-jointed rays answer to the parts called 
" metacarpals" and " phalanges" in the human hand. In the salmon there is a bone 
answering to the arm-bone or humerus, which is articulated to the middle of the back 
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part of the coracoid by a transyersely elongated extremity. It is also expanded at the 
distal end, where it articulates by cartilage with the ulna and radius. The ulna is a 
semicircular plate of bone perforated in the centre, and, besides its articulation with the 
humerus, the radius, and the ulnar carpals and metacarpal ray, it.also directly joins the 
broad coracoid. The radius, after expanding to unite with the humerus, the ulna, and 
the radial carpals, sends a long and broad process downwards and inwards, which is 
united by ligament with its fellow and with the lower termination of the coracoid. 
A basis of ade<^uate extent and firmness is thus insured for the support of the pectoral 
fins. The carpal bones of these fin^ are four in number, progressively increasing in 
. length from the ulnar to the radial side of the wrist. The metacarpo-phalangial rays 
are thirteen in number ; the uppermost or ulnar one being the strongest, and articulating 
directly with the ulna. 

Proceeding to the next segment, in adyance, in the cod-fish's skull, we find that the 
bone which articulated with the centrum of the occipital segment is continued forward 
beneath a great proportion of the skull. In quadrupeds, however, the corresponding 
part of the base of the skull is occupied by two bones ; and if the single long bone in 
the fish be sawn across at the part where the natural suture exists in the beast, we 
have then little difficulty in disarticulating and bringing away with it a series of bones 
similar in number and arrangement to those of the occipital segment. 

In the skeletons of most animals the centrums of two or more segments become, in 
certain parts of the body, confluent, or they may be connate ; they form, in fact, one 
bone, like that, e, g.j which human anatomists call " sacrimi." By the term " con- 
fluent** is meant the cohesion or blending together of two bones which were ori- 
ginally separate; by "connate,** that the ossification of the common fibrous or 
cartilaginous bases of two bones proceeds from one point or centre, and so con- 
verts such bases into one bone : this is the case, e, g.y in the radius and ulna of 
the frog, and in its tibia and fibula. In both instances they are to the eye a 
single bone; but the mind, transcending the senses, recognises such single bone 
as being essentially two. In like manner it recognises the "occipital bone*' of man as 
essentially four bones ; but these have become " confluent,** and were not " connate." The 
centrums of the two middle segments of the fish*8 skull are connate, and the little 
violence above recommended is requisite to detach the penultimate segment of the skull. 
When detached, the bones of it are seen to be so arranged as to form a neural and a 
hsemal arch. In the neural arch the centrum, neurapophyses, diapophyses, and neural 
spine are distinct : moreover, the neural spine in the cod, and .many other fishes, is 
bifid, or split at the median Une.* The centrum is called " basisphenoid," No. 5 ; 
the neurapophysis, " alisphenoid,*' No. 6 ; the neural spine, " parietal,'* No. 7 ; and the 
diapophysis, " mastoid,'* No. 8. The alisphenoids protect the sides of the optic lobes, 
and the rest of the penultimate segment of the brain ; the mastoids project outwards 
and backwards as strong transverse processes, and give attachment to the piers of the 
great inverted haemal arch. Before noticing the structure of this, I may remark that, 
in the recent cod-fish, the case, partly gristly, partly bony, which contains the organ of 
hearing, is wedged in between the last and penultimate neural arches of the skull. The 
extent to which the ear-case is ossified varies in different fishes, but the bone is always 
developed in the outer wall of the case. In the cod-fiah it is unusually large, and is 
called "petrosal," No. 16; it forms no part of the segmented neuroskeleton. In the 

• "Archetype Vert. Skel.,» p. 11, Fig. 2. 
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oigan whidi it contributes to inclose, there is a body as hard as shell, lilce half a split 
almond : it is the " otosteal," No. 16, or proper ear-bone. 

The hsemal«arch consists of a pleurapophysis and a hsomapophysis on each side, and 
a hsemal spine ; but all these elements are subdivided, the plcurapc^hysis into two 
parts, the upper one called " epitympanic," 28, a (common to this and the next arch in 
adyance) ; the lower one '^ stylohyal," No. 38, The hsemapophysis is a broader, slightly 
arched bone ; the upper division is called ^^ epihyal," No, 39 ; the lower division, 
" coratohyal," No. 40. The haemal spine is subdivided into four stumpy bones, called 
coUecdvely " basihyal," No. 41 ; and which, in most fishes, support a bone directed 
ibrwards, entering the substance of the tongue, called '^glossohyal,'* No. 42 ; and another 
bone directed badcwards, called " urohyal," No. 43. 

The ceratohyal part of the haemapophysis supports, in the cod, seven long and 
slender bent bones, called ^^ branchiostegal rays," 44. The number of these rays differs 
greatly in different fishes : the protoptents has but one ray, the blenny has two rays, 
the carp three rays, — a very common number is seven ; but the elops has thirty bran* 
chiostegal rays. They are of great length in the angler-fish {fophiua),, in which they 
serve to support a membrane, developed to form a large receptacle on each side of the 
head of this singular fish ; into these receptacles, the small fishes are transferred, which 
the angler attracts within reach of its mouth, by the moTable rod, line, and bait 
attached to the top of its enormous head. In ordinary fishes, the branchiostegal rays 
support a membrane which helps to close the gill-slit, and by its movements contri- 
butes to the direction of the branchial currents. It is an appendage, or rudimentallimb, 
answering to the pectoral fin diverging from the hsmal arch, in the adjoining occipital 



The penultimate segment of the skull above described is called the ''parietal ver- 
tebra ;" and the hsemal arch is called the '' hyoidean arch," in reference to its support- 
ing and subserving the movements of the tongue. 

The next segment, or the second of the skuU, counting backwards, can be detached 
from the foremost segment without dividing any bone. It is then seen' to consist, like 
the third and fourth segments, of two arches and a common centre ; but the constituent 
bones have been subject to more extreme modifications. The centrum, called '' pre- 
sphenoid," No. 9, is produced far forwards, slightly expanding ; tiie neurapophyses, 
called ''orbitosphenoids," No. 10, are small semioval plates, protecting the sides of the 
cerebrum ; the neural spine, or key-bone of the arch, called '' frontal," No. 11, is enor- 
mously expanded, but in the cod and most fishes is single ; the diapophy^es, called 
" post-frontals," No. 12, project outwards from the hinder angles of the frontal, and 
give attachment to the piers of the inverted haemal arch. The first bone of this 
arch is common in fishes to it and to that of the last described vertebra, being the bone 
called "epitympanic," No. 28 (Fig. 9); this modification is called for by the necessity 
of consentaneous movements of the two inverted arches, in connection with the degluti- 
tion and course of the streams of water required for the branchial respiration. The 
haemal arch of the present segment— enormously developed— is plainly divided primarily 
on each side into a pleurapophysis and haemapophysis ; for these elements are joined 
together by a movable articulation, whilst the bones into which they are subdivided 
are suturally interlocked together. The pleurapophysis is so subdivided into four 
pieces ; the upper one, articulating with the post-frontal and mastoid — ^the diapophyses 
of the two middle segments of the skull — is called " epitympanic," No. 28, «; the hind- 
most of the two middle pieces is the " mesotympanic," No. 28, 3 ; the foremost of the 
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two middle pieces is the "pretympanio," No. 28, c; the lower piece ia the hypotym- 
panic, No. 28, d ; this presenis a joiat«-8i2T£ace, convex in one way, concaye in tlie 
other, called a '* ginglymoid^condyle," for the hsemapophysis, or lower ^yision of the 
arch. In most air-breathing yertebratefr— the serpent, Cut 16, e. g, — ^the plenrapophyBis 
resumes its normal simplicity, and is a single bone, 28, which is called the ^'lympanic ;" 
in the eel-tribe it is in two pieces. The greater subdivision, in mwe actively breathing 
fishes, of the tympanic pedicle, gives it additional elasticity, and by their overlapping, 
interlocking junction, greater resistance against fracture ; and these qualities seem to 
have been required in c(Hisequence of the presence of a complex and largely-developed 
diverging appendage, which forms the £nmework of the principal flap or door, called 
'^ operculum," that opens and closes the branchial fissure on each side. The appendage 
in question consisrts of four bones; the one articulated to the tympanic pedicle is called 
" preopercular," No. 34 ; the other three are, counting downwards, the " opercular," 
No. 35; the "subopercular," No. 36; the "interopercular," No. 37. The hsrampophysia 
is subdivided into two, three, or more pieces, in different fishes, suturally interlocked 
together ; the most common division is into two subequal parts, one presenting the 
concavo-convex joint to the pleurapophysis, and called '' articular,*' No. 29 ; the other, 
bifurcated behind to receive the point of 29, and joining its fellow at the opposite end, 
to complete the hsemal arch : it is very singularly modified by supporting, and having 
more or less firmly attached to it, a number of the hard bodies, called '* teeth," and 
hence it has been termed the " dentary," No. 33. In the cod there is a small separate 
bone, below the joint of tlie articular, forming an angle there, and called tlie " angular 
piece," No. 31. 

In consequence of thi^ extreme modification, in relation to the offices of seizing and 
acting upon the food, the pair of hsemapophyses of the present segment of the skull have 
received the name of "lower jaw," or "mandible" (fwa»M?tftMte). The entire segment 
is called the " firontal vertebra." 

The first segment, forming the anterior extremity, of the neuroskeleton, like most 
peripheral parts, is that which has undergone the most extreme modificatious. The 
obvious arrangement, nevertheless, of its constituent bones, when viewed fix)m behind, 
after its detachment fi?om the second segment, affords one of the most conclusive proo& 
of the principle of adherence to common type which governs all the segments of the 
neuroskeleton, whatever offices they may be modified to fulfil. The neural arch plainly 
exists, but is now reduced to its essential elements— viz., the centrum, the neur- 
apophyscs, and the neural spine. The centrum is expanded anteriorly, where it 
usually supports some teeth on its under surface in fishes ; it is called the " vomer," 
No. 13. The neurapophyses are notched (in the cod), or perforated (in the sword-fish), 
by the crura or prolongations of the brain, which expand into its anterior divisions, 
called " olfactory lobes ;" the special name of such neurapophysis is " prefirontal," No. 
14. The neural spine is usually single, sometimes cleft along the middle ; it is the 
<*nasal,"No. 15. 

The hsBmal arch is drawn forwards, so that its apex, as well as its piers, are joined 
to the centnun (vomer) and usually also to the neural spine (nasal), closing up ante- 
riorly the neural canal. The pleurapophyses are simple, short, sending backwards an 
expanded plate : they are called " palatines," No. 20. The haemapophyses are simple, 
and their essential part, intervening between the pleurapophysis and haemal spine, is 
short and thick; but they send a long process backwards. This element ia called 
" maxillary," No. 21. The hssmal spine, cleft at the middle line, sends one process 



Digitized by 



Google 



GBNBRAL AND SlPECIAL NAHB8 OF BONES. 



179 



upwards of yarjrmg length in different fishes, and a second downwards and backwards ; 
and its under suifece is beset with teeth in most fishes : it is called " premaxillary," 
No. 22. Each pleurapophysis supports a " diverging appendage," consisting commonly 
of two bones : the outer one, which fixes the present hsemal arch to the succeeding one 
is called " pterygoid," No. 24 ; the inner one is the " entopterygoid," No. 23. The 
entire segment is caUed the ** nasal vertebra." The hasmal arch and its appendage 
form what is termed the upper jaw (tnaxtUa) ; the palatine and pterygoids forming the 
roof of the mouth, the maxillary and premaxillary the proper upper jaw. On reviewing 
the arrangement of the bones of the foregoing segments, one cannot but be struck by 
the strength of the anshes which protect and encompa&s the brain, and by the beauty 
said efficiency of that arrangement which provides such an arch for each primary divi- 
sion of the brain ; and a sentiment of admiration naturally arises on examining the 
firm interlocking of the extended sutural surfaces, and especially of thdse uniting the 
proper elements of the arch with the buttresses wedged in between the piers and key- 
stone, and to which buttresses (diapophyses) the larger hflemal arches are suspended. 

In addition to the parts of the neuroskeleton, the bones of the head include the 
ossified part of Hke ear-capsule, "petrosal," 16, already mentioned; an ossified part of 
the eye-capsule, commonly in two pieces, "sclerotals," No. 17 ; and an ossified part of 
the capsule of the organ of smell, "turbinal," No. 19. Another assemblage of 
splanchnoskeletal bones support the gills, and arc in the form of slender bony hoops, 
called " branchial arches." They are articulated to and supported by the hyoidean 
arch. Amongst the bones of the muco-dermal system^ may be noticed those that 
circumscribe the lower part of the orbit, of which the anterior is pretty constant in 
the vertebrate series, and is called " lacrymal," marked 20 in Cut 9. In fishes they 
are called " suborbitals," and are occasionally present in great numbers, as, e, ^., in the 
tunny. A similar series of bones sometimes overarches the temporal fosse, and are 
caUod " supertemporals." 

At the outset of the study -of Osteology it is essential to know w'ell the numerous 
bones in the head of a fish, and to fix in the memory their arrangement and names. 
The latter, as we have seen, are of t^'o kinds, as regards the bones of the neuro- 
skeleton ; the one kind is "general," indicative of the relation of the skull-bones to the 
typical segment, and which names they bear in common with the same elements in 
the segments of the trunk ; the other kind is " special," and bestowed on account of 
the particular development and shape of such elements, as they are modified in the head 
for particular functions. I would advise any one earnestly desirous of comprehending 
this beautiful department of Comparative Anatomy to obtain a prepared and partially 
disarticulated skull of a cod-fish from Mr. Flower,* in which every bone bears the 
initials of its "general" name, and the nxmierals indicative of its "special" name. 
A great proportion of the bones in the head of a fish exist in a very similar state of 
connection and arrangement in the heads of other vertebrata^ up to and including man 
himself. No method could be less conducive to a true and philosophical comprehension 
of the vertebrate skeleton than the beginning its study in man-^the most modified of 
all vertebrate forms, and that which recedes furthest from the common pattern* Through 
an inevitable ignorance of that pattern, the bones in anthropotomy are indicated only 
by special names more or less relating to the particular forms these bones happen to bear 
in man ; such names, when applied to the tallying bones in lower animals, losing that 



• AsUe, p. 173. 
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Bignificance, and becoming arbitrary signs. Owing to the frequent modification by con- 
fluence of the human bones, collections of them, bo united, have received a single name, 
as, e, ^., '* occipital," " temporal," &c. ; whilst their constituents, which are usually 
distinct yertebral elements, have received no names, or are defined as processes, 0. ^., 
" condyloid process of the occipital bone," *^ styloid process of the temporal bone," 
" petrous portion of the temporal bone," &c. The classification, moreover, of the bones of 
the head in Human Anatomy, viz., into those of the cranium and those of the &ce, is 
artificial or special, and consequently defective. Many bones which essentially belong 
to the skull are wholly omitted in such classification. 

In regard to the archetype of the vertebrate skeleton, fishes, which were the first 
forms of vertebrate life introduced into this planet, deviate the least therefrom ; and 
according to the foregoing analysis of the bones of the head, it follows that such bones 
are primarily divisible iato those of— 

The Neuroskeleton ; 
The Splanchnoskeleton ; 
The Dermoskeleton. 

The neuroskeletal bones are arranged in four segments, called— 

The Occipital segment ; 
The Parietal segment ; 
The Frontal segment; 
The Nasal segment. 

Each segment consists of a " neural" and a " hsemal" arch. The neural arches are— 
N z. Epencephalic arch (bones Nos. 1, 2, 3, 4) ; 
K n. Mesencephalic arch (5, 6, 7, 8) ; 
N m. Prosencephalic arch (9, 10, 11, 12) ; 
N IV. SMoencephalic arch (13, 14, 15). 

The hsemal arches are— 

H I. Scapular arch (50-52) ; 
H n. Hyoidean arch (38-43) ; 
H in. Mandibular arch (28-32) ; 
H IV. Maxillary arch (20-22). 

The divexging appendages of the hsemal arches are^ 

1. The Pectoral (54-67) ; 

2. The Branchiostegal (44) ; 

3. The Opercular (34-37) ; 

4. The Pterygoid (23-24). 

The bones or parts of the Bplanchno-skeleton which are intercalated with or attached 
to the arches of the true vertebral segments, \ 



The Petrosal (16) or ear-capsule, with the otolites, 16" 
The Sclerotal (17) or eye-capsule ; 
The Turbinal (19) or nose-capsule ; 
The Branchial arches ; 
The Teeth. 
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The bones of the dermoskeleton are — 

The SupratemporaLs ; 
The Superorbitals ; 
The Suborbitals ; 
The Labials. 

Such appears to be the natural classification of the parts which constitute the 
oomplex skuU of osseous fishes. 

The term << cranium" might -well be applied to the four neural arches coUectiYely, 
but -would exclude some bones called ^^ cranial," and include some called '^ facial," in 
Human Anatomy. In a side view of the naturally-connected bones of the head of a 
fish, such as is shown in the figure of the skeleton of the sea-perch. Cut 9, the upper 
part of the head is formed by the neural spines called superocdpital, 3, fix>ntal, 11, 
and nasal, 15 : produced at the hinder half into the median ridge. The right lateral 
ridge is formed by the parietal, 7, and paroccipital, 4 ; the external ridge by the post- 
frontal, 12, and the mastoid, 8. The anterior termination of the series of centrums 
may be partly seen through the widely-open orbits at 9 and 13, indicating the pre- 
sphenoid and vomer respectiyely. The most conspicuous parts of the upper jaw are the 
premaxillary, 22, and the maxillary, 21, the latter being edentulous, as in most fishes : 
the salmon and trout are examples where No. 21 bears teeth. The shape and slight 
attachment of those bones relate to the necessity of a movable mouth that can be pro- 
truded and retracted, in a class of animals that derive no aid in the prehension of their 
food from their limbs, which are reduced to fins. The upper bent back part of the 
premaxillary is called its '* nasal branch," and is of imusual length in fishes with 
protractile snouts, as, 0. ^., the dories {Zfus), certain wrasses {Gormu), and especially 
the sly-bream (Sparui insidiator of Pallas). In this fish the nasal branch of the pre- 
maxillary plays in a groove on the upper sur&co of the skull, and reaches as far back 
as the occiput, when the mouth is shut and retracted. The descending branch of the pre- 
maxillary is attached by a ligament to the maxillary, and, as this is similarly attached to 
the mandible, both are protruded, when the long nasal branch of the premaxillary is drawn 
forwards out of its epicranial groove. This action is aided by the hypotympanic, 
which is of great length, and has a movable articulation at both ends ; the lower end 
joining the mandible is pulled forward, simultaneously with the protrusion of the 
premaxillary, and co-operates therewith in the sudden projection of the mouth, by 
which the dy-beam seizes, or shoots with a suddenly-propelled drop of water, the small 
agUe aquatic insects that constitute its prey. 

An opposite extreme of modification of the maxillary and premaxillary bones, where 
unusual fixity and strength are needed, is that presented by the " sword-fishes," in which 
the premaxillaiies constitute, by an unusual prolongation and density of tissue, the 
sword-shaped weapon characteristic of the genera Xiphias and I8tiophort48, 

In Cut 9 the divisions 28 a, e, and d, of the tympanic pedicle, and the two chief 
divisions, 29 and 33, of the mandible, are shown, together with the four bones of the 
opercular appendage; the pieoperoular, 34, being serrated and spined, as in most 
perches. 

Of the hyoidean arch may be seen the glossohyal, 42, the ceratohyal, 40, with its 
branchiostegal rays, 44, and the urohyal, 43. Of the scapular arch, the scapula, 51, 
and the coracoid, 52, this supports not only the bones of the <' pectoral fin," P, vis., 
ulna, radius, with the small carpal bones intervening between them and the metaoaipo- 
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phalanges, 57, but also the lower elements of the pelyic arch, 63, and their diverging 
appendage, 69, called the " ventral fin," V. 

In the segments of the trunk the hffimapophjses, 
save in the first vertebra, 58, and the pelvic vertebra. 
Fig. 10. fd/^ , ^^t ^"^ ^^^ ossified ; but they are represented by apo- 

neurotic fascia continued downwards from the ossified 
elements of the segments; these elements consist of 
the centrum, the neurapophyses, and neural spines, 
the pleurapophyses, and the parapophyses. In most 
fishes the neural spines are connate with the netirapo- 
ph3nse8, and these beoonte confluent with the centrums 
in most of the segments : the neurapophyses are per- 
forated directly by the spinal nerves in many flshes, as 
at >}» (Fig. 8) ; they usually develop anterior sygapo- 
physes, Z (Fig. 9). The centrums are biconcave in all 
fiishes, save the lepidosteus, in which they are convex 
in front, and concave behind. The pleurapophyses, 
pi (Fig. 9), form what are called " fidse ribs," or free 
or " floating ribs," in. Anthropotomy : they articulate 
with the centrums in the anterior trunk-vestebrse, and 
then with the parapophyses, p, which are tisually 
confluentwith the centrum. The parapophyses elongate, 
bend down, and unite together at or near to the end 
of the abdomen, and so form the contracted heemal 
canal, for the caudal vessels, in the long and muscular 
tail of the fish. The truhk-vertebraB of a flsh are 
divisible into those which have free pleurapophyses, 
called " abdominal vertebreB," and those wiliiout, and 
which terminate below by narrow haemal arches and 
long spines, called " caudal vertebrae." These haemal 
arches are formed by different parts in different fishes : 
commonly by the bent-down and terminally confluent 
parapophyses (Fig. 10), I, p, cod ; sometimes, as in the 
tunny {ib.) Ill, by parapophyses, p^ lengthened out by 
pleurapophyses, pi ; sometimes, as in lepidosteus (i&.), 
II, by pleurapophypses, pi; but never, as in air- 
breathing vertebrates (t^.), V, by ossified haemapo- 
physes, A, A«. These elements, in the first vertebra 
of the trunk of a fish, are, indeed, ossified, and form 
the long and slender bone called " clavicle, " 58 (Fig. 9), ' 
usually attached to the inner side of the scapular arch. I 
The hoemapophyses of, probably, the last abdominal ' 
vertebra, called *' ischia," No. 63, are detached from ! 
the rest of their segment, and are either loosely 8a&' [ 
pended in the flesh, beneath or near it, as in the fishes { 
called " abdominal ;" or they are advanced, much elon- ! 
gated, and attached to the scapular arch, as in the 
* thoracic" (Fig. 9); or tiiey are more advanced, ahwtened, and : 
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fliinilaxly attached, as in the fiahes called "jugular;" or they are wholly wanting, 
as in the fishes called "apodaL" The fins called "yentral," V, supported by the 
. pelyio htenuKpophyses, indicate by their position the orders of fishes caUed " abdo- 
minal," " thoracic," and " jugular," by Linneeus. 

The only proper fins in pairs are the " pectoral," P, answering to the fore-Hmbs 
of quadrupeds, and the "yentral," Y, answering to the hind-limbs. The rest of 
the fins are single and median in position, and are dae to folds of the skin, in which 
certain dermal bones are developed for their support* These bones are of two kinds : 
one, dagger-shaped, are plunged, so to speak, up to the hilt, in tU)a flesh between the 
neural spines, and between the hsmal spines ; those along the upper surface of the fish 
are called '^ intemeural spines," tVt, Cut 9 ; those on the imder surfitce are the " inter- 
hffimal spines," ih. The iutemeural spines support the "deimoneural spines, dn, 
fiirmiikg the rays of the dorsal fin or fins, DI, D2, and the upper rays of the caudal 
fiiL The interhoBmal spines support the dermohsemaf spines, dhf which form the rays 
of the anal fin, A^ and the lower rays of the caudal fin, dh, C. 

Both dennoneural and dennohoBmal spines may present two structures ; they may be 
simple, unjointed, firm, bony apines ; or they may be flexible, jointed, and branched rays. 
Those fishes which have one or more of the hard spines at the beginning of the pectoral, 
ventral, dorsal, and anal fins are called "acanthopterygian," or spiny-finned fishes (Gh:. 
acantko8y spine; pUrux, fin) ; those iu which the vertical fins are. supported by soft spines 
are called " malacopterygian," or soft-finned fishes (Or. tiutlakot, soft ; faAptemx). Ichthy- 
ologists avail themselves of the number and kind of rays in tiie fins to characterize the spe- 
cies of fishes, and adopt an abbreviated fonnula and symbols to express these characters. 

In regard to the sea-perch (Fig. 9), the fin-formula would be as follows :— 
D 7, 1 -h 12 : P 12 : V 1 -i- 5 : A 3 -f 8 : 018, 
which signifies that D, the dorsal fin, has, in its first divisiooti, 7 rays, all spinous : in 
its second division, 1 spinous -)- (phis) 12 rays that are soft. P, the pectoral fin, has 12 
rays, all soft. Y, the ventral fin, has 1 spinous -(- 5 soft rays. A, the anal fin, has 
3 spinous -f- 8 8<^ rays. C, the caudal fin, has 18 rays. 

When the piscine modification of the vertebrate skeleton is contemplated in relation 
to the life and movements of a fish in its native element, every departure from the 
archetype is seen to be in direct relation to the habits and well-bdng of the species. 

The large head has been compared to the embryonic disproportion of that part in 
higher vertebrates; but the head of a fish should be of the size and shape best fitted to 
overcome the resistance of water, and to facilitate rapid progression through that 
element : the head must, therefore, grow with the growth of the body. Accordin^y, 
the large skull-bones always show the radiating bony filaments in their clear circum- 
ference, which is the seat of growth; and hence the number of overlapping squamous 
sutures which least oppose the progressive extension of the bones. The cranial cavity 
e2^«nds with the expansion of the skull, bat the brain undergoes no corresponding 
increase ; it lies at the bottom of its capadoua diamber, which is principally occupied 
by a loose cellular tissue, situated, like tite " arachnoid" membrane in man, between the 
brain-tunics, called " pia mater" and " dura mater," and having its cells filled by a 
light, oily fluid ; thus the head is rendered specifically lighter thsm if growth only, and 
not tiie modelling absorption also, had gone on. The loose connection of the hsemal 
arches and their parts, induding most (^ what are called "bones of tiie fewe," seems 
like the retention of a condition observable in the partially-developed skuU of the 
embryos of higher ammals ; but this condition is subservi^t to the peculiar and exten- 
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siTe moTements of the jawOf and of the bonj sappcxts of the breathing machmery. Not 
any of the limbs of fishes are prehensile ; the mouth may be propelled by them to the 
food, but the act of taking it must be performed by the jaws ; these can, accordingly, 
be not only opened and abut, but can bo protruded and retracted. The diirision of the 
long tympanic pedicle into several partiy-oyerlapping pieces adds to its strength, and 
by a slight elastic yielding diminishes the liability to fracture. The tongue, to judge 
by its structure, seems to senre little as an organ of taste, but the arch sustaining it has 
much to effect in the way of swallowing . for this action relates not merely to food ; the 
mechanical part of breathing is a modified, habitual, and frequent act of deglutition. The 
hy oid azch is the chief support of the branchial arches and gills ; and the branchiostegal 
membranes, stretched out upon the diyerging rays of the hyoid arch, regulate the course 
and exit of the respiratory currents. 

By the retraction of the hyoid arch the opercular doors are forced open, and the 
branchial cayity is widened, whilst all entry from behind is prevented by the branchi- 
ostegal flaps, which close the external gill-openings. The water, therefore, enters by the 
gaping mouth, and rushes through the sieve-like interspaces of the branchial arches 
into the branchial cavity ; the mouth then shuts, the opercular doors close upon the 
branchial and hyoid arches, which again swing forwards ; and the branchiostegal mem- 
Inranes being withdrawn, the currents rush out at the gill-openings. Thus the mecha- 
nical functions of the hsemal arches of the thorax of the higher air-breathing classes 
are transferred to the hsemal arches and appendages of the skull in fishes. 

The persistent giUs and gill-arches in fishes have been compared with the same parts 
which are transitory in frx>gs, and with some traces of branchial organization in the 
embryos of higher vertebrates : and fishes have been called, in the language of the 
transmutation-of-species hypothesis, ^^ arrested gigantic tadpoles." It will be found, 
however, that so far from there having been any stoppage of development, the branchial 
arches have been adapted to the exigencies of the fish by advancing to a grade of 
structure which they never reach in the frog. This is shown by their firm ossification, 
and their numerous elastic joints ; the sieve-like valves developed from the aide next 
the mouth have been pre-arranged, with the utmost complexity and nicety of adjust- 
ment, to prevent the entry of any particles of food, or other irritating matters, into the 
interspaces of the tender, vascular, and sensitive gills. It is interesting, also^ farther 
to observe, that the last pair of these arches, which, when the embryo-fish is as yet 
edentulous, usually support gills, are reduced, when the supply of yolk-food is 
exhausted, and the jaws get their prehensile organs, to the capacity of the gullet 
become thickened, in order to support teeth f(x tearing in pieces, mincing, or crushing 
the fi}od, and are converted into an accessory pair of jaws, and this pair the most 
important of the two, as it would seem ; tor the carp-tribe— «. ^., tench, barbel, roach— 
which have no teeth on their proper jaws, have teeth on the pharyngeal jaws. In 
no other vertebrate animals, save the osseous fishes, is the mouth provided with maxil- 
lary instruments at both the fore and hind apertures ; and in no other part of the piscii^e 
structure is the direct divergence from any conceivable progressive scale of ascending 
organisms, culminating in man, so plainly marked as in this. 

The general form of the fish is admirably adapted to the element in which it lives 
and moves. The viscera are packed in a moderate compass, in a cavity brought for- 
wards dose to the head. The absence of any neck gives the advantage of a more exten- 
sive and resisting attachment of the head to the trunk, and a greater proporticm of the 
trunk is left free for the allocation of the muscular masses which move the tail. In 
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Uie << caudal" division of the yertebral column, the parapophyses cease to extend out- 
wards ; they bend down-wards, unite and elongate in that direction, proportionally with 
the elongation of the spines above, whilst dermal and intercalated spines shoot forth 
from the middle line above and below, giving the vertically extended, compressed fonn 
to the hinder half of the body, by the alternating lateral strokes of which the fish is 
propelled forwards in the diagonal between the direction of those forces. The advan- 
tage of the biconcave form of vertebra, with Intervening elastic capsules of gelatinous 
fluid, in producing a combination of the resilient with the muscular power, is as obvious 
as it is beautiful to contemplate. 

The fixation and coalescence of any of the vertebra in this locomotive part of the 
fishes' body, analogous to the part called "sacrum" and "pelvis" in land quadrupeds, 
would be a great hindrance to the alternate and vigorous inflections of that part, by 
which mainly the fish swims. A " sacrum" is a consolidation of part of the vertebral 
axis of the body, for the transference of more or less of the weight of that body upon 
limbs organized for its support on dry land ; such a modification would have been not 
merely useless, but a hindrance to a fish. The pectoral fins are the prototypes of the 
fore-limbs of the higher vertebrates. With their terminal segment, or " hand," alone 
projecting freely from the trunk, and swathed in a common sheath of skin, they present 
an interesting analogy to the embryonal buds of the answerable members in man. But 
what would have been the result if both arm and fore-arm had extended freely from the 
side of the fish, and dangled as a long many-jointed appendage in the water ! This 
" higher development," as it is termed, in relation to the prehensile or cursorial limb of 
the denizen of dry land, would have been a defect in the structure of a creature destined 
to cleave the liquid element. In the fish, therefore, the fore-lunb is left as short as was 
compatible with its required functions : the broad, many-fingered hand alone projects, 
but can be applied prone and flat, by flexion of the wrist, to the side of the trunk ; or it 
may be extended with its flat surfaces turned forwards and backwards, so as to check 
and arrest, more or less suddenly, the jHrogress of the fish ; its breadth can also be 
diminished by closing up or stretching out the digital rays. In the act of flexion, the 
pectoral fin slightiy rotates, and gives an oUique stroke to the water. The requisite 
breadth of the modified han^ is gained by the addition of ten, twenty, or it may be a 
hundred fingers over and above the nmnber to which they are restricted in the fore foot 
or hand of the higher classes of vertebrata. The pike maintains a stationary position 
in a stream by vibrations of the pectoral fins : the nature of the bottom of the fish's 
habitat is ascertained by a tactile application of the same fins. In the hard-faced gur- 
nards certain rays of the pectorals are liberated from the web, and have a special 
endowment of nerves, in order to act as feelers. In the siluroid fishes, the pectorals 
wield a formidable weapon of offence. A tropical species of perch (Anabas) uses a 
smaller analogous pectoral spine for climbing up the mangrove stems in quest of insects. 

Certain lophioid fishes that live on sand banks left dry at low water, are enabled 
to hop after the retreating tide by a special prolongation of the carpal joint of the 
pectoral fin, which projects in these " frog fishes," as they have been termed, like the 
limb of a land quadruped, and presents two distinct segments dear of the trunk. 

The sharks, whose form of body and strength of tail enable them to swim near the 
Buifkce of the ocean^ are further adapted for this sphere of activity, and compensated 
for the absence of an air-bladder, by the large proportional size of their pectoral fins, 
which take a greater share in their active and varied evolutions than in ordinary fishes ; 
more especially in producing that half turn or roll of the body required to bring the 
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taouih, whidi is on the under part of the head, in contact with their prey. The maxi- 
mum of development of the many-fingered hands is attained in the rays, and in thooe 
fishes— ^.^.» Exocatut and Jkietylopteru^—caiJled '^ flying fishes," in consequenoe of the 
pectorals being long enough, and their webs broad enough to sustain them in the air, 
in their long " flying leaps" out of the water. 

With regard to the ventral fins— the rudiments of hind-limbs— these combine merely 
with the pectorals in raising the fish, and in preventing, as outriggers, the rolling q£ 
the body during progression. In the long-bodied and small-headed abdominal fishes 
the ventrals are situated near the vent, where they best subserve the office of aoceflsoxy 
balancers ; in the large-headed thoracic and jugular fishes they are transferred forwards, 
to aid the pect(H*als in supporting and raising the head. If the pectoral and ventral fins 
in one of these fishes be cut aS, the head sinks to the bottom ; if the right pectoral fin 
only be cut o£^ the fish leans to that side ; if the ventral fin on the same side be out away, 
then it loses its equilibrium entirely ; if the dorsal and anal fins be cut oS, the fish reels 
to the right and left ; whenthecaudalfiniscuto£^ the fish loses the power of progressive 
motion ; when the fish dies, and the fins cease to play, the belly turns upwards. 

Paley thus sums up the actions of the fins of fishes : — " The pectoral, and more par- 
ticularly the ventral, fins serve to raise and depress the fish; when the fish desires to 
have a letrognudiB motion, a stroke forward wiUi the pectoral fin effectually produces it; 
if the fish desire to turn either way, a single blow with the tail the opposite way sends 
it round at once ; if the tail strike both ways, the motion produced by the double lash 
is progressive, and enables the fish to dart forwards with an astonishing velocity. The 
result is not only in some cases the most rapid, but in all cases the most gentle, pliant, 
easy animal motion with which we are acquainted." ^^ In their mechanical use, the 
anal fin may be reckoned the keel ; the ventod fins, the outriggers ; the pectoral fins, 
the oars ;" and we may now add ^^ the caudal fin, the screw-propeller." And if there be 
such similitud . between those parts of a boat and a fish, " observe," adds Paley, *' that 
it is not the iiesemblance of imitation, but the likeness which arises from aj^ying 
similar medhanioal means to the same purposes."* 

Principal Foimfl of the Skeleton in the GUm B^ptiUa.— The transi- 
tion from fishes to reptiles is easy, and the signs thereof very manifest in the skeleton. 
In the thomback and allied fishes the skull artioulates with the trunk by two condyles, 
and the part answering to the basioccipital is a depressed plate. The JSatraehiOf or lowest 
order of reptiles—including the siren, proteus, frog, toad— have a similar double articu- 
lation of the skull with the trunk, the two condyles being developed from the two 
exocoipitals. Hsemapophyses are not present as bones in the abdominal part of the 
trunk of SatraeJm, but tiiey are so developed in the tail. This structure, with the 
detachment of the scapular arch from the occiput, and the absence of dermoneural and 
dermohsemal spines, serves to distinguish the most fish-like batrachian frtmi the pro- 
topterus and lepidofflren, which are the most reptile-like of fishes. 

In commencing the study of tiie skeletons of reptiles in the most fish-like of tiie 
dass, we find a much less complex condition of the osseous framework of the body than 
in the bony fishes ; this will be immediately manifest by a comparison of the skeleton 
of tiie menopome (which may be seen in the Museum, Boyal College of Surgeons, No. 
683), as an example of the perennibranchiate batrachia, with the'skeletoii of the tDoat 
(No. 46) or of tibie haddock (No. 176, in the same Museum). 

• ««Nat. Theology," 8vo, 1805, p. 267. 
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Fig. 11. 




The difference tends greatly to elucidate the true natnze of tlie oomplezities of the 
fish's skeleton, since it chiefly consists in the sunpHfication of that of the batrachian, by the 
non^deyelopment of the parts of the dermal skeleton which characterize that of the fish. 
The suborbital, superorbital, and supratemporal scale-bones are remoyed, together with the 
opercular bones, from the head ; and the intemeural and dermoneural spines, with the 
int^heemal and dermohsemal spines, are remoyed from the trunk. The endoskeleton 
is also reduced to a yery simple condition ; the adyance characteristic of the higher 
class being appreciable only by a comparison of it with the skeleton of the most 
batrachoid of fishes— «. ^., the protopteros (No. 380). 

We then perceiye that the bodies of the yertebne, in the true batraohian, are 
distinctly ossified, though 
preserving, in the peren- 
nibranchiate species, a 
deep, conical, jeUy-fiUed 
cayity both before and be- 
hmd(Cutll),C; theyhaye 
also coalesced with the 
neural arches, as these have 
with their spines, which 
are, howeyer, scarcely pro- 
minent, except in the tail. 
The transverse processes 
are deyeloped not only from 
the centrum but from the 
base of the neural arch, 
and are formed by both parapophyses and diapophyses ; and they coexist with distinct 
heemapophyses in the tail (t^.), H. With these, likewise, coexist cartilaginous pleur- 
apophyses (ib.), ply in the second, third, and lourth caudal yertebrss ; short ossified 
pleurapophyses being deydoped from the ends of the diapophyses in the first caudal 
to the yertebra dentata indusiye. 

By this instructiye conditi(HL <^ the skeleton of the menopome, we perceiye at once 
that the hsemapophyses (i^.), H, are neither transyerse processes, nor ribs bent down or 
displaced, but are elements of yertebrsB, as distinct as the neurapophyses aboye. The 
neural arches are now articulated together by well'^eyeloped zygapophyses with syno- 
vial articulations, which are absent in the protopterus, as in most fishes. 

In the protopterus, as in the squatina and some other cartilaginous fishes, the neural 
arch of the atlas rests upon a backward production of the basioccipital ; in the batrachians 
it is confluent with its own proper centrum, which deyelopes two articular surfaces for 
the two occipital condyles. The hasmal arch of the occipital segment, which is attached 
to its proper yertebra in the protopterus (Fig. 82), A, 51, 62, as in osseous fishes, is 
detached and displaced backwards in the batrachians (Fig. 33), 61, 52. In the com- 
pletion of the heemal arch of the sacral yertebra in tiie menopome, by the enlarge- 
ment of its transyerse process (Fig. 11), D, and by its pleurapophysis {ib^^pl^ extended 
to join a hesmapophysis (t^.), H, below, we haye the key to the essential nature of the 
pelvis in all air-breathing animals. The progressive deyelopment of the aj^endages of 
the scapular and pelvic arches, which are to become the four limbs of air-breathing 
yertebrates, should be traced from their condition in the protopterus. Here (Fig. 32) 
Uiey are reduced to a single ray, which is soft and many-jointed. In the AmpMuma 
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didactyla (Fig. 33) the ray is ossified : its first joint (td.), 53, is long, its second («d.), 54, 
55, is bifid, and a cartilage at the end of this supports two short terminal rays. This 
is the pattern of the subdivision of the appendage both of the scapular and pelyic 
arches, in all the higher vertebrates : hence, in consequence of the vast modifications 
of the several segments, the necessity for their special names. In the fore-limb the 
first segment (Fig. 33), 53, is the ^^arm," and its bone, the ^^ humerus," I^o 53; the 
second segment is the fore-arm — ^its two bones are the ** radius," No. 55, and ^* ulna," 
No. 54 ; the third segment is the ^^ hand" — ^its rays are the ^* fingers ;" and its bones 
are subdivided into "caipals," No. 56, "metacarpals," and "phalanges," No. 57. In 
the hind-limb (Fig. 34) the Jirat segment is the " thigh," and its bone, the " femur," 
No. 65 ; the second segment is the "leg," and its two bones are the "tibia" No. 66, 
and "fibula," No. 67; the third segment is the "foot" — its rays are the "toes;" its 
bones are subdivided into " tarsals," " metatarsals," and " phalanges." 

In the siren the pelvic arch and limbs are not developed ; but they coexist with the 
scapular arch and limbs in all other batrachia. In the proteus the last segment of the fore- 
limb divides into three rays, that of the hind-limb into two rays ; in other words, it has 
three fingers and two toes. The menobranchus has four fingers and four toes. The axolotl 
has four fingers and five toes. The menopome has five fingers and five toes. 

The ultimate subdivisions of the radiated or diverging appendages of the scapular 
and pelvic arches do not exceed five in any existing air-breathing animal, and their 
further complexity is due to the specialization of each digit, so as to combine in 
associated action, instead of their indefinite multiplication, which causes the seeming 
complexity ctf the same appendages in fiiihes. 

In all the fish-like batrachia, called, from a retention of more or less of the branchial 
apparatus, " perennibranchia," the limbs are short, and the rays of the terminal segments 
of each limb are, more or less, united by a web : the body is long, and the tail long and 
compressed. But a great ascent in the scale of life is made in the batrachian order : all 
the species when hatched have the fish-like form, and giUs for breathing water ; most 
of them exist for some time, under this form, in water ; and these undergo so strange 
a modification of form and structure before arriving at maturity, that it has been called 
a " metamorphosis." They change their aquatic for a terrestrial life ; they breathe air 
instead of water ; and from being omnivorous become carnivorous. The tadpoles of 
our common toad and frog afford ready and abundant instances for tracing these stages. 
The following is an outline of the main phenomena of the change observable in regard 
to the osseous system : — 

In the development of the skeleton of the common frog, a fibrous and cartilaginous 
framework is originally laid down conformably with the aquatic habits and life of the 
larva. A large cartilaginous cranium with four haemal arches, and one of these supporting 
the framework of the branchial apparatus, — a short series of fibro-cartilaginous verte- 
bras, minus the hsemal arches, in the trunk, and a series of fibrous septa diverging from 
the fibrous capsule of the notochord, and defining and giving attachment to the mus- 
cular segments along the tail, — constitute the skeleton of the newly hatched tadpole. As 
it grows, ossification begins ; but only in those part of the skeleton which are to be 
retained in the future frog. Thus, the centnuns and neurapophyses of the head and 
trunk are ossified, but not those of the taiL In the trunk, ossification of the vertebral 
body proceeds centripetally by layers, successively diminishing in extent, and conical 
interspaces are left, consisting of the changed fibrous capsule of the notochord with the 
inclosed gelatinous ceUs, their liquefied contents forming the balls of fluid, between the 
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biconcave vertebrsB, as in fishes. But ossification proceeds to fill up the hinder cavity of 
the centrum, and to project into the front cavity of the succeeding vertebra, with which 
it is finally connected by a synovial ball-and-socket joint. Thus, the firmer intervertebral 
articulations are established, which adapt the vertebral column to the support of a body 
which is to be suspended upon limbs, and transported by them along the surface of the 
dry groiind. Whilst this change is proceeding, the tail is undergoing rapid absorption, 
the retained fibro-cartilaginous condition of its vertebrae rendering them more ready for 
removal. In the last fused rudiments of the caudal vertebrae, ossification extends con- 
tinuously, and the peculiar style (Fig. 12), c, at the end of the vertebral series in the firog 
and other tail-less batrachians, is thus established. 

In the conversion of the biconcave into cup-and-baU vertebras in batrachian larvae, 
ossification commonly, but not always, pro- 
ceeds to obliterate Ihe hinder cavity. In _ . *'*^* ^^' 
the land salamanders, however, it extends 
from the front cavity ; so that in the adult 
vertebrae the ball is anterior, and the cup pos- 
terior, asin certain salamandroidfishes — e, ^., 
Iqndoatetts, In those batrachians that retais. 
more or less of the branchial apparatus, with 
the outward form and natatory tail adapted 
to aquatic Ufe, the vertebrae of the tail are 
ossified like those of the trunk, but the bicon- 
cave structure and intervening gelatinous 
joints are retained throughout Ufe. 

The chief changes which take place in 
the conversion of the cartilaginous skuU of 
the larva to the ossified one of the imago, 
or perfect frog, are seen in the shape and 
relative position of the haemal arches and 
their appendages — »'. «., of the maxillary, 
mandibular, hyoid, and scapular arches. 
The maxiUary arch expands in breadth, 
the mouth widens, and the homy mandibles 
are shed. As the mouth advances forwards, 
the tympanic pedicles are elongated, and are 
placed more obliquely ; their proximal end 
retrograding from the post-frontal to the 
mastoid region of the skull, and their dis- 
tal end inclining forwards with the attached 
lower jaw, Nos. 29, 33, on which the denticles 
now begin to be developed. For the stiU more 
extraordinary changes of the hyoid arch. 
No. 41, and its branchial appendages, No. 46, 
the student is referred to Duge's " Recher- 
ches sur I'Osteologie des Batraciens," 4to, 
1835 ; and to the writer's " Archetype of the 
Vertebrate Skeleton," pp. 70, 71. 

The scapular arch, which was close to the occiput, whilst protecting and supporting 




SKELETON OF THE FEOO {Jtafia cscttlenta). 



Digitized by 



Google 



190 SKELETON OF THB FSOO. 



the Ijranohial heart — its primary function — ^begins, as the rudiments of the fixre- 
limbs bud. out, to recede backwardB, like the mandibular and branchial arches, but 
to a greater extent, the attachment to the occipital segment being wholly lost. The 
scapular and coraooid portions of the arch become first ossified ; the suprascapular 
plate remains long cartilaginous, and always partly so ; the sternum is developed in pro« 
portion as the hyoid arch is reduced, and the branchial arches are removed ; thus a 
strong fulcrum is completed for the articulation of the shoulder-joints. The pelvic arch 
had previously been completed, and the iliac bones and sides of the sacrum become 
co-elongated : then the ilia continue to extend backwards as the tail is being absorbed, 
and the hind-limbs are lengthened out- and finished. 

Thus metamorphosed, the skeleton of the frog presents the following structure 
(Fig. 12) : — ^The number of vertebrao of the trunk, exclusive of the coxygeal style, 0, is 
nine ; the first, or atlas, has no diapophyses, but these are present endlong on the rest, 
especially on the third, dy and ninth, «, vertebrso ; in the latter they are thick, stand out- 
wards, and support two other long, curved, rib-like bones, 62, which expand at their distal 
ends, and unite to two bony plates, 63, completing the luemal arch of &e ninth segment of 
the trunk. The bones of the hinder extremities are attached to the point of union of the 
above costal and hsemal pieces, one of which answers to the ilium, 62, and the other to 
the ischium, 63. The superior development of this arch relates to the great size and 
strength of the hinder extremities in the tail-less tribe. The bodies of the vertebne 
are articulated by ball-and-socket joints, the cup being anterior, the ball posterior, a 
modification which relates to the more terrestrial habits and locomotion of these higher- 
organized batrachia. The caudal vertebne are represented by a single, elongated, 
cylindrical style, Cy having an anchylosed neural canal. In the seven vertebras, between 
the atlas and the sacrum, two zygapopophyses, looking upwards, two zygapophyses, z, 
looking downwards, and a^ort spine, are developed from each neural arch. 

The suprascapula, 60, is very broad, and in great part ossified ; the scapula, 61, 
divides at its humeral end into an acromial and coracoid process ; the latter articulates 
with the true coracoid bone, 62, the acromion with the expanded extremity of the 
clavicle, 68 : the glenoid cavity is formed by both the scapula and the coracoid. An 
epistemal bone, 69, supporting a broad cartilage, is articulated to the mesial union of the 
clavicles, from which a bony bar is continued backwards between the expanded and par- 
tially conjoined ends of the coracoids. The sternum, 60, is articulated to the posterior 
part of the same extremities of the coracoids, and supports a broad *' xiphoid" cartilage. 

The proximal end of the humerus, 63, is an epiphysis ; the distal end presents a 
hemispherical ball between a small external ridge, and a large internal condyloid 
process. The antibrachiai bones have coalesced, but an anterior and posterior inden- 
tation at the distal half indicates the radius, 55, ahd ulna, 64 ; their distal articular 
extremities are represented by a single epiphysis. The ulnar portion of the bone 
developes a short and broad olecranon, 0, The bones of the carpal series now receive 
definite names, and are as follows : — (Fig. 12), », scaphoid ; /, lunare ; e andjv, cuneo- 
pisiforme ; t, trapezium ; tr, trapezoides ; m, magnimi ; m, unciforme — ^here two distinct 
bones. The first digit, I, has one bone, a metacarpal ; the second digit, II, has a meta- 
carpal and two phalanges ; the third, III, the same ; the fourth, IT, has a metacarpal and 
three phalanges ; and the fifth, Y, the same. 

Both the proximal and the distal extremities of the femur, 65, are in the condition 
of epiphyses. The tibia and fibula are connate, 66 : a longitudinal impression on the 
front and back part of the expanded distal end indicates their division, but a single 
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epiphysis pftrtkily aadiylosed, forma ike proadmal eitremity, and ft aiciikr on* the 
21 distal extremity, of the connftt^ 
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bones; they are pctforattsd near 
their middl^^ from hcforD back- 
-wards, by a TaBoul^r canal. The 
tarsal bones are now diatingnishod 
by names. 

The astragalus, a, and caica* 
njeura, el^ are much elongated \ the 
former is slightly hent, the latter 
straight; they have coalesced at 
their proximal and also at their dis- 
tal extremities -vrith eaoh othoTj and 
with the scaphoid, * , and cuboid, b^ 
bones. Three cuneiform honoa^ (?, «, 
remaiuL detached, and iuLmcdiately 
support the three inner toes and a 
caitilaginous appendage. The fiiBt 
toe, V and eeeond toe, tt, have each 
a metataraal and two phalanges ; 
the third toe, «t, haa a metatarsal 
and three phalanges; the fourth 
toe, iV, has a metatarsal and foijr 
phalangoa ; tho fifth toe, r, a me- 
tatarsal and three phalanges* The 
great length and strength of tha 
pelvic arfh, and its appei^dages, 
the hind-limbs, give the frog the 
power of executing the long leaps 
fur which it is proverbial. 

All tho batrftoHft piiesent this 
fifcrnctnro in common with fishes, 
■riz., that the ribs of the tnink, 
when present, are free, eoriaist only 
of " plottrapophyses," and do not 
encompass tho thoracic- abdominal 
cavity. Tho absence of unyielding 
osseous girdles at this part seems 
to relate to a peculiarity of their 
genaratiou, viz,, the abnost simul- 
tauGous ripening of tlio sperm - 
cells and ova, causing a great and 
sudden distension of the abdomen 
at tho breciling period. 

OBteology of tbe Of hMi&, 
oi Sezpent Tfi'be.— There are 
certain tropical land batracbia— tlua 
Cecilifie, e, ff.^-in wMch the body in 



Digitized by 



Google 



192 STRUCTURE OF THE SKULL IK SERPENTS. 

as long and slender as in serpents, includes almost as numerous yertebreBy and is deroid 
of all trace of limbs. But the osteology of the typical Ophidian reptiles differs firom 
that of the batrachians in the more elongated ribs ; in the distinct basi- and super- 
occipitals ; in the superoccipital forming part of the ear-chamber ; in the basioccipital 
combining with the ezoccipital to form a single articular condyle for the atlas ; in the ' 
ossification of the membranous space between the elongated paiietals and the sphenoid; 
in the constant coalescence of the parietals with one another ; in the constant confluence 
of the orbitosphenoids with the frontals, and in the meeting of the orbitosphenoids below 
the prosencephalon, upon the upper surface of the presphenoid ; in the presence of dis- 
tinct postfrontals, and the attachment thereto of the ectopterygoids, whereby they form 
an anterior point of suspension of the lower jaw, through the medium of the pterygoid 
and tympanic bones ; lastly, in the connation of the prefrontals and lacrymals. 

In studying the osteology of the head of the python, as the type of the Ophidian 
Order, by the aid of the following description, the student may compare the disarticu- 
lated skull, No. 628, with that of the large skeleton, No. 602, in the Museum, Boyal 
College of Surgeons : the bones are nimibered as here referred to. 

The basioccipital, 1, is subdepressed, broadest anteriorly, subhezagonal ; smooth 
and concave at the middle above, with a rough sutural tract on eadi side, and a hyp- 
apophysis below, produced into a recurved point. The hinder facet of the basioccipital 
is convex, forming the lower half of the occipital condyle, which is supported on a short 
peduncular prolongation. The basioccipital unites above and laterally with the 
exoccipitalB and alisphenoids^ and in front with the basisphenoid, upon which it rests 
obliquely, and it supports the medulla oblongata on its upper smooth sui&ice. 

The exoccipitals, 2, 2, are very irregular subtriangular bones ; each is produced 
backwards into a peduncular process, supporting a moiety of the upper half of the 
occipital condyle. The outer and fore part of the exoccipital expands into the irregular 
base of the triangle : it is perforated by a slit for the eighth pair of nerves ; it articu- 
lates below with the basioccipital ; it is excavated in front to lodge the petrosal cartilage, 
where it articulates with the alisphenoid ; it unites above with the superoccipital. The 
superoccipital, 3, is of a subrhomboidal form, sends a spine from its upper and hinder 
surface, expands laterally into oblong processes, is notched anteriorly, and sends down 
two thin plates from its under surface, bounding on the mesial side the surfioce for the 
cerebellum, and by the outer side forming the inner and upper parts of the acoustic 
cavities. The superoccipital articulates below with the exoccipitals and alisphenoids, and 
in front with the parietal, by which it is overlapped in its whole extent. The occipital 
vertebra is as if it were sheathed in the expanded posterior outlet of the parietal one 
(Fig. 17), the centrum resting on the oblique surface of that i^ front, and the anterior 
base of liie neural spine entering a cavity in and being overlapped by that of the pre- 
ceding neural spine : the analogy of this kind of *^ emboitemenf of the occipital in the 
parietal vertebra with the firm interlocking of the ordinary vertebrae of the trunk is very 
interesting : the end gained seems to be, chiefly, an extra protection of the epencephalon 
—the most important segment to life of all the primary divisions of the cerebro-spinal 
axis. The thickness of its immediately protecting walls (formed by the basi-, ex-, and 
Buper-occipitals) is equal to that of the same vertebral elements in tiie human skull, but 
they are moreover composed of very firm and dense tissue throughout, having no 
diploe : the epencephalon also derives a further and equally thick bony covering from 
the basisphenoid and the parietals, the latter being overlapped by the mastoids, which 
form a third covering to the cerebellum. 
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The basisphenoid, 5, and preq>henoid, 9, form a single bone, and the chief keel of 
the cranial superstructure. The posterior articular surface looks obliquely upwards 
and backwards, and supports that of the vertebral centrum behind, as the posterior ball 
of the ordinary vertebrae supports the oblique cup of the succeeding vertebrae ; here, 
however, all motion is abrogated between the two vertebrae, and the co-adapted sur- 
faces are rough and sutural. The basisphenoid presents a smooth cerebral channel 
above for the mesencephalon, in &ont of which a deep depression (seUa) sinks abruptly 
into the expanded part of the bone, and there bifurcates, each fork forming a short cul- 
de-sac in the substance of the bone. 

The alisphenoids, 6, form the anterior half of the fenestra ovalis, which is completed 
by the exoccipitals ; and in their two large perforations for the posterior divisions of 
the fifth pair of nerves, as well as in their relative^ize and position, the alisphenoids 
agree with those of the frog. Each alisphenoid is a thick suboval piece, with a tuber- 
cular process on its under and lateral port ; it rests upon the basisphenoid and basi- 
occipital, supports the posterior part of the parietal and a portion of the mastoid, 8, and 
unites anteriorly with the descending lateral plate of the parietal bone. 

The parietal, 7, is a large and long, symmetrical, roof-shaped bone, with a median 
longitudinal crest along its upper surface, where the two originally distinct moieties 
have coalesced. It is narrowest posteriorly, where it overlaps the superoccipital, and 
is itself overlapped by the mastoid : it is convex at its middle part on each side of the 
sagittal spine, and is continued downwards and inwards, to rest immediately upon the 
basisphenoid. This part of the parietal seems to be formed by an extension of ossifica- 
tion along a membranous space, like that which permanently remains so in the &og, 
between the alisphenoid and orbitosphenoid : the mesencephalon and the chief part of 
the cerebral lobes are protected by this unusually developed spine of the mesencephalic 
vertebra. The optic foramina are conjugational ones, between the anterior border of, 
the lateral plate of the parietal and the posterior border of the corresponding plate of. 
the frontal. 

The frontals, 11, rest by descending lateral plates, representing connate orbito,- 
sphenoids, 12, upon the attenuated, pointed prolongation of the basisphenoid : the upper 
surface of each frontal is flat, subquadrate, broader than long in the boa, and the 
reverse in the python, where the roof the orbit is continued outwards by a detached 
superorbital bone : there is a distinct, oval, articular surface near the anterior median 
angle of each frontal to which the prefrontal is attached : the angle itself is slightly 
produced, to form the articular process for the nasal bones. The smooth orbitosphenoid 
plate of the frontal joins the outer margin of the upper surface of the frontal at an acute 
angle ; the inner side of each frontal is deeply excavated for the prolongation of the 
cerebral lobes, and the cavity is converted into a canal by a median vertical plate of 
bone at the inner and anterior end of the frontal. The frontals join the parietals and 
postfrontals behind, and, by the anchylosed orbital plates, the presphenoid below, the 
prefrontals and nasals before, and the superorbitals at their lateral margins. The 
orbitosphenoid s have their baserf extended inwards, and meet below the prosencephalon 
and above the presphenoid, as the neurapophyses of the atlas meet each other above the 
centrum. The anterior third part of such inwardly-produced base is met by a downward 
production of the mesial margin of the frontal, forming a septum between the olfactory 
prolongations of the brain, but is not confluent with the frontal bone : the outer portion 
of the orbitosphenoids ascends obliquely outwards, and is confluent with the under part of 
the frontal ; it is smooth externally, and deeply notched posteriorly for the optic foramen. 
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The post-frontal, 12, is a moderately long trihedral bone, articulated by its expanded 
cnmial end to the frontal and parietal, and bent down to rest upon the outer and fore 
angle of tiie eetopterygoid. it does not reach that bone in the boa, nor in poisoncnis 
serpents. In both the boa and python it receives the anterior sharp angle of the 
parietal in a notch. 

The natural segment which terminates the cranium anteriorly, and is formed by the 
▼omsrine, prefrontal, and nasal bones, is very distinct in the ophidians. 

The vomer, 13, is divided, as in salamandroid fishes and batrachians, but is edentu- 
lous : each half is a long, narrow plate, smooth and convex below, concave above, with 
the inner margin slightly raised ; pointed anteriorly, and with two processes, and an 
intervening notch above the base of the pointed end. The prefrontals, 14, are connate 
with ihe lacrymals, 73. The two .jwnes which intervene between the vomerine and 
nasal bones are the turbinals, 19 ; they are bent longitudinally outwards in the form of 
a semicylinder about t^e termination of the olfactory nerves. ' 

The spine of the nasal vertebra is divided symmetrically, as in the frog, forming the 
nasal bones, 15 ; they are elongated, bent plates, with the shorter upper part arching 
outwards and downwards, completing the olfactory canal above, and with a longer 
median plate, forming a vertical wall, applied closely to its fellow, except in front, 
where the nasal process of the premaxiUary is received in the interspace of the 
nasals. 

The acoustic capsule remains in great part cartilaginous : there is no detached centre 
of ossification in it ; to whatever extent this capsule ^ ossified, it is by a continuous 
extension from the alisphen(»d. The sclerotic capsule of the eye is chiefly fibrous, 
with a thin inner layer of cartilage ; the olfactory capsule is in a great measure 
ossified, as above described. 

Blaxillazy Arch. — The palatine, 20, or first piece of this arch, is a strong, oblong 
bone, having the inner side of its obtuse anterior end applied to the sides of the 
prefrontals and turbinals, and, near its posterior end, sending a short, thick process 
upwards and inwards for ligamentous attachment to the lacrymal, and a second 
similar process outwards as the poiat of suspension of the maxillary bone. Between 
these processes the palatine is perforated, and behind them it terminates in a point. 

The chief part of the maxillary, 21 (Fig. 14), is con- 
tinued forwards from its point of suspension, increas- 
ing in depth, and terminating obtusely ; a shorter 
process is also, as usual, continued backwards, and 
terminates in a point. The point of suspension of 
the maxillary forms a short, narrow, palatine pro- 
cess. A space occupied by elastic ligament inter- 
venes between the maxillary and the premaxiUary, 
22, which is single and symmetrical, and firmly wedged 
into the nasal interspace ; the anterior expanded part 
of this small triangular bone suppOTts two teeth. Thus the bony maxillary arch is 
interrupted by two ligamentous inter\'als at the sides of the premaxillary key-bone, in 
functional relation to the peculiar independent movements of the maxillaiy and palatine 
bones required by serpents during the act of engulfing their usually large prey. Two 
bones extend backwards as appendages to the maxillary arch : one is the "pterygoid," 
24, from the palatine ; the other the ectopterygoid, 25, from the maxillaiy. The ptcr}-- 
goid is continued from the posterior extremity of the palatine to abut against the 



Fig. 14. 
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ood of the tytopttic pedicle $ the imdef part of tli« ant^lor haif of tbe ptefyg^d is 
beset wil& teeth* The ^dtopteryfoid, 2^ ovt^lflps tbe poM^l^fdr end ol tie nuutiUniy, 
and ii articulated by its poftterior-obllqnely cnt end to the outer «iir&oe of tiie l&iddie 
espaaded part of the pterygoid. 

XMidilmlftz Atok«~-The t^panie bene) 28 (Figs. 14 and IS), is ft strong tiffikednd 
pedicle, articulated .by an oblique upper surface to the end of the mastoid, and ti^pittded 
tnUttveieely below to foi-ni the antero^pdsteriorly eonrex) transTersely conoate^ condyle 
for the lower jaw. Thi6 consists diiefiy «f an Articular and a dcntary, wif^ a small 
coronoid and splenial, piccot The articular piece ends obtusely^ ifitiktediately behind 
the condyle ; it is a little contraicted in fhAit of it, and gradually espaSkds te its middle 
part, sends up two short proeesses, then suddenly contracts and terminates in a point 
wedged into the posterior and outer notch ei the dentory piece. The articular is deeply 
groered above, and produced into a ridge below. The coronoid is a short Gc^jriressed 
plate ; the splenial is a longer, slender plate, applied to the inner side ef Ihe articular 
euaid dentaiy, and closing the groove on the inner side of the latter. IW outer side of 
the doitary <^rs a single pcrfbmtioB nett its anterior end, which is united to that 
of the opposite ramus by elastic ligament. 

By the mbove-described mode of union of the extremities of the maxiUary and man^ 
dibolar Ix^es, those on the right side eui be drawn apart from those on the left, and 
the moa& can bo opened not only yertically, as in other vertebrate animals, but also 
traf&sversely, as in insects. Viewing the bones of the mouth that support teefh in the 
great constricting serpents, they oSer the appearance of six jaws— four above and two 
bdow ; the inner pair of jaws above are formed by the palatine and pterygoid bones, 
the outer pair by the maxillariosj the under pahr by the mandibles, or " rami," as they 
are termed, of the lower jaw. 

Each of these six jaws, moreover, besides the movement vertically and laterally, 
can be protruded and retracted, independently of the other : by these movements the 
boa is enabled to retain and slowly engulf its prey, which may be much larger than its 
own body. At the first seimnre the head €i tiie prey is held flmdy by the long and sharp 
recurved teeth of all the jaws, whilst the body is cruriied by the overlapping coils of the 
serpent ; tiie death-^struggles having ceased, the eonstriotor slowly uncoils^ and tlie head 
of the prey is bedewed with an abundant slimy mucus : one jaw is then unfixed, and 
its teeth withdrawn by being pushed forward, when they aie again inixed, farther back 
upon the prey ; the next jaw is then unfixed, protruded, and reattached; and so with 
the rest in succession-^his movement of protraction being almost the only one of which 
they are susceptible whilst stretched apart to the utmost by the bulk of the animal 
encompassed by them ; thus, by their successive 
movements, it is slowly and spirally introduced 
into the wide gullet. 

The bones of the mouth, in the poisonous ser- 
pents, hftve characters distinct from those of the 
eonstrioting serpents. These characters consist 
chiefly in ike modification of form and attach- 
mentt of the guperio» maxiUary bone (Fig. 15), f,^. i5._„„,^ „^ ^ ^„„^^„„, „^. 
21, which 18 moveably articulated to the pala- 
tine, ect(^terygoid» and lacrymal bones ; but chiefly supported by the hitter, whi(& 
presents the form of a short, strong, three-sided pedicle, extending ftt)m the 
anterior external angle of the frontal to the anterior and upper part of the maxillary. The 
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articular sui&ce of the maxillary is sligihfly concave, of aa oval shape ; the sur&ce arti- 
oulatiiig with the ectopterygoid on the posterior and upper part of the maxillary is smaller 
and convex. The maxillary bone is pushed forward and rotated upon the lac^ymal joint 
by the adyance of the ectopterygoids, which are associated with the movements of the 
tympanic pedicle of the lower jaw by means of the true pterygoid bones. The pre- 
nuudllary bone (Fig. 13), 22, is edentulous. A single, long, perforated poison-fang is 
anchylosed to the right maxillary, and sometimes two similar fangs, as in the cobra 
figured in Cut 13. The palatine bones have four or five, and the pterygoids £rom eight 
to ten small, imperforate, pointed, and recurved teeth. The frontal bones are broader 
than they are long ; there are no superorbitals. A strong ridge is developed from the 
under surface of the baslBphenoid, and a long and strong recurved hypapophysis &om 
that of the basioccipital ; these give insertion to the powerful ^^ longi-coUi" muscles by 
which the downward stroke of the head is performed in the infliction of the wound by 
the poison-fangs. 

The c]Laracteristics of the trunk- vertebrae of the ophidian reptiles are as follow :— 
The autogenous elements, except the pleurapophyses (Fig. 16), pi, coalesce w^th one 
another in the vertebrsB of the trunk ; and the pleurapophyses also become anchylosed 
to the diapophyses in those of the tail. There is no trace of suture between the neural 
arch {ib.), n, and centrum, c. The outer substance of the vertebra is compact, with a 
Fig. 16 smooth or polished surface. The vertebrae are " proccelian ;" 

that is, they are articulated together by ball-and-socket joints, 
the socket being on the fore part of the centrum, where it 
forms a deep cup with its rim sharply defined; the cavity 
looking not directly forwards, but a little downwards, from the 
greater prominence of the upper border; the well-turned pro- 
minent ball terminates the back part of the centrum rather more 
obliquely, its aspect being backwards and upwards. The hypa- 
pophysis, hy, is developed in different proportions from difi^- 
ent vertebrae, but throughout the greater part of the trunk pre- 
sents a considerable size in the cobra and crotalus (Figs. 13 
vmiTisBEA p^ THE ^ jgv ^ £^ jg shortcr in the python and boa. A vascular canal 

perforates the under surrace of the centrum, and there are 
sometimes two or even three smaller foramina. In the python a large, vertically 
oblong, but short diapophysis extends from the fore part of the side of the centrum 
obliquely backwards : it is covered by the articular surface for the rib, convex length- 
wise and convex vertically at its upper half, but slightiy concave at its lower half. 
In the rattlesnake the diapophysis developes a small, circumscribed, articular tubercle, 
d, for the free vertebral rib or pleurapophysis, ^^, a parapophysia, j?, extends down- 
wards and forwards below the level of the centrum ; the anterior zygapophysis, a, 
seems to be supported by a similar process from the upper end of the diapophysis. 
The base of the neural arch swells outward from its confluence with the centrum, and 
developes from each angle a transversely-elongated zygapophysis; that from the 
anterior angle looking upwards, that from the posterior angle downwards, both surfaces* 
being flat, and almost horizontal, as in the batrachians. The neural canal is narrow ; 
the neural spine, m, is of moderate height, about equal to its antero-posterior extent ; 
it is compressed and truncate. A wedge-shaped process (the " zygosphene"), m, is 
developed from the fore part of the base of the spine ; the lower apex of the wedge being, 
as [it were, cut off, and its sloping sides presenting two smooth, flat, articular surfaces. 
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This wedge is received into a cavity (the ^* zygantrum") excavated iii the posterior 
expansion of the neural arch, and having two smooth articular surffices to which the 
zygosphenal surfaces are adapted. 

Thus the vertebrsB of serpents articulate with each other by eight joints in 
addition to those of the cup and ball on the centrum ; and interlock by parts reci- 
procally receiving and entering one another, like the joints called tenon-and-mortice in 
carpentry. In the caudal vertebrsB, the hypapophysis is double, the transition being 
effected by its progressive bifurcation in the posterior abdominal vertebrae. The 
diapophyses become much longer in the caudal vertebrae, and support in the anterior 
ones short ribs which usually become anchylosed to their extremities. 

The pleurapophyses or vertebral ribs in serpents have an oblong articular surfeuse, 
concave above and almost flat below in the pyllion, with a tubercle developed &om the 
upper part, and a rough sur&ce excavated on the fore part of the expanded head for the 
insertion of the precostal ligament. They have a large medullary cavity, with dense 
but; thin walls, and a fine cancellous structure at their articular ends. Xheir lower 
end supports a short cartilaginous haemapophysis, which is attached to the broad and 
stiff abdominal scute. These scutes, alternately raised and depressed by muscles 
attached to the ribs and integument, aid in the gliding movements of serpents ; and the 
ribs, like the legs in the centipede, subserve locomotion ; but they have also accessory 
functions in relation to breathing and constriction. The anterior ribs in the cobra (Fig. 
13), pi, are unusually long, and are slightly bent ; they can be folded back one upon 
another, and can be drawn forward, or erected, when they sustain a fold of integument, 
peculiarly coloured in some species — eg., the spectacled cobra— and which has the effect 
of making this venomous snake more conspicuous at the moment when it is about to 
inflict its deadly bite. The ribs conmience in the cobra, as in other serpents, at the 
third vertebra irom the head. 

The centrum of the flrst vertebra coalesces with that of the second, and its place is 
taken by an autogenous hypapophysis : this, in the python, is articulated by suture to 
the neurapophyses ; it also presents a concave articular surface anteriorly for the lower 
part of the basioccipital tubercle, and a similar surface behind for the detached central 
part of the body of the atlas, or ^* odontoid process of the axis.'' The base of each 
neurapophysis has an antero-intemal articular sur&ce for the exocdpital tubercle, the 
middle one for the hypapophysis, and a postero-intemal surface for the upper and lateral 
parts of the odontoid ; they tiius rest on both the separated parts of their proper cen- 
trum. The neurapophyses expand and arch over the neural canal, but meet without 
coalescing. There is no neural spine. Each neurapophysis developes from its upper 
and hinder border a short zygapophysis, and from its side a still shorter diapophysis. 
In the second vertebra, the odontoid presents a convex tubercle anteriorly, which fills 
up the articular cavity in the atlas for the /occipital tuberde ; below this is the surfiace 
for the hypapophysial part of the atlas, and above and behind it are the two surfaces 
for the atlantal neurapophyses. The whole posterior surface of the odontoid is 
anchylosed to the proper centrum of the axis, and in part to its hypapophysis. 
The neural arch of the axis developes a short ribless diapophysis from each side 
of its base ; a thick sub-bifid zygapophysis from each side of the posterior margin ; 
and a moderately long bent-back spine from its upper part The centrum termi- 
nates in a ball behind, and below this sends downwards and backwards a long 
hypapophysis. 

At tibe opposite extreme of the elongated body, two or three nmoh mmplified 
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vertebree aie usually found blended together. In true serpents tfajere are no soapu* 
lar arch uid iq^pendages, no sternum, no sacrum; but a pair of slender Bones, 
often supporting a second bone, armed with a claw, are found sui^nded on the flesh 
near the vent. The exposed parts of these appendages are called *^ anal hooks ;" the 
parts themsdves, Uke the similarly suspaaided yentral fins of the pike, are rudiments of 
hindlimJbs. 

Serpents have been regarded as animals degraded frcan a higher t3rpe ; but tiieir 
whole (Mganization, and especially their bony structure, demonstrate that their parts 
are as exquisitely adjusted to the form of tiieir whole, and to their habits and sphere of 
life, as is the organisation of any animal whidi we call superior to them. It is true 
tiiat the serpent has no limbs, yet it can outcUmb the monkey, outswim the fish, outleap 
the jerboa, and, suddenly loosing the close coils of its crouching spiral, it can spring inta 
the air and seize the bird upon the wing : aU these creatures have been obaerred to fall 
its prey. The serpent has neither hands nor talons, yet it can outwrestle the athlete 
and crush Jthe tiger in the embrace of its ponderous overlapping folds. Instead of 
lioidng up its food as it glides along, the serpent uplifts its crushed prey, and presents 
it, grasped in the deaih-OMl as in a hand, to its slimy gaping mouth. 

It is truly wonderful to see the work o£ hands, feet, and fins performed by a modi- 
fication of ihe vertebral cdumn— by a multiplication of its segments with mobility 
of its libe. But the vertebrae are specially modified, as we have seen, to compensate, 
hy the strength of their niunerous articulations, for the weakness of their manifdd 
repetition, and the consequent elongation of the slender column. As serpents move, 
ehiefiy on l^e surface of the earth, their danger is greatest from pressure and blows 
from above; all the joints are fashioned accordingly to resist 3dolding, and sustain 
pressure in a vertical direction ; there is no natural undulation of the body upwards 
and downwards — it is permitted only from side to side. So closely and compactly do 
the ten pairs of joints between each of the two himdred or t^oe hundred vertebnc fit 
together, that even in the relaxed and dead state the body cannot be twisted except in 
a series of side coils. Li the construction of the skull, wiiich has merited a description 
in scmte detail, and well deserves a close study, the thickness and density of the cranial 
bones must strike the mind as a special provision against fr*acture and injury to the 
brain. When we coDtem]^to the still more mnaxkable manner in which these -bones 
are i|)|died, one over asoth^, the soperocci- Fig. 17. 

pital (Fig. 17), 3, overlapping the exoccipital, 4, 
and ih9 parietal, 7, overlapping the suporocoi- 
pital, — the natoral segments or vertebrae of the 
cnmwm. being sheathed, one within the other, 
like the corresponding segments in the trunk, 
—we cannot but discern a spe^al adaptattoa in 
the structure of serpents to their commonly 
prone position, and a provision, exemplified in i-^ 

sack stractmre, of the dangers to which they sbcwok op skull, boa cqkstbictob. 

wcfuld be subject from falling bodies and the tread of heavy beasts. Many other 
equally beautiBfbl instances of design might be dted from the orgamaation of serpents, 
in v^tion to the necessities of their apodal vermiform character ; just as the snake-Hke 
eel is conipeDsated by analogous modifieations amongst fishes, and the snake-Hke cen- 
tipede among insects. 

' «f IdbBMkU. — The transition from the ophidian, or snake-Hke, to th& 
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lacertian, or lizard-like reptiles, is very gradual and easy, if we pass from the serpents 
with fixed jaws and a scapular arch — aa, e. g.^ the slow-worms {anguii) — ^to the ser- 
pentifbrm lizards with mere rudiments of limbs — ^as, e. g,^ the pseudopus. The distinc- 
tion Sa effected through the establishment of a costal arch in the trunk, completed by 
the addition of a hcemal spine (stemjm) and hesmapophyses (sternal ribs) tothepleur- 
apophyses or vertebral ribs, which are alone ossified in ophidia. 

The yertebrse of the trunk have the same procoelian character, «'. e^ with the cup 
anterior and tho ball behind ; the latter being usually less prominent, more oblique, 
and more transversely oval than in serpents. The vertebrae also are commonly larger, 
and always fewer in number than in the typical ophidia. The ribs do not begin to be 
developed so near the head in lizards. Kot only the atlas and dentata, but sometimes, 
as in the monitor {yarantM)^ the four following vertebrae are devoid of pleurapophyscs ; 
and when these first appear they are short, and sometimes (as in egelodtta) expanded at 
their extremities. They rapidly elongate in succeeding vertebrae, and usually at tho 
ninth from the head {cyclodus, igttana), or tenth {varaniis)^ they are joined through 
the medium of ossified haemapophyses to the sternum ; two {varanw), three {cJiatneleOy 
igitana)^ or four {ogelodus), following vertebrae are simUarly completed ; and then the 
hfibmapophyses are either united below without intervening'stemum {eliameleo), or two or 
three of them are joined by a common Cartilage to the cartilaginous end of the sternum. 
The hemapophyses afterwards project freely, and are reduced to short appendages to 
the pleurapophyses. Those also shorten, and sometimes suddenly, as, e,ff,^ after fhe 
eighteenth vertebra in the monitors {^aranus)^ in which they end at the twenty-eighth 
vertebra, as they began, viz., in the form of short straight appendages to the dia- 
pophyses. 

The flying Uzard {Draeo volam), is so called on account of the wing-like expansions 
firom the sides of its body, supported, like the hood of the cobra, by slender elongated 
ribs. In this little lizard there are twenty vertebrae supporting moveable ribs, which 
conrntence apparently at the fifth. Those of the eighth vertebra first join the sternum, 
as do those of the ninth and tenth ; the pleurapophyses of the eleventh vertebra sud- 
denly acquire extreme length ; those of the five following vertebrae are also long and 
slender ; they extend outwards and backwards, and support the parachute formed by 
the broad lutonl fold of the abdominal integuments. The pleurapophyses of the sevem* 
tcenth vertebra beeome suddenly shorter, and these elements progressively diminish 
to the sacrum : this consists of two vertebrae, modified as in other lizards. There are 
about fifty caudal vertebrae. 

The semi-ossified sternum in the iguana has a median groove and fissure, and 
readily separates into two lateral moieties. The long stem of the epistemum covers 
the outer part of the groove, where it represents the 7eeel of the sternum in birds. 

In the skull of the lizard order we first meet with a second bony bar, diverging 
j&om the maxillary aroh backwards, and abuttiog against the mastoid, and sometimes 
also against the tymfpanic and postfirontal. This bar is called the " zygomatic arch ;" it 
usually consists of two bones — ^the one next the maxillary is tho "malar," 26, tho 
one next the mastoid ib the ** squamosal," 27 ; it assumes a form meriting that name in 
the tortoise, and first received it, as " pars squamosa," in man, where it is not only 
like a great scale, but becomes confiuent with both tho mastoid and tympanic. But, as has 
been belmre remarked, we must use the terms invented by anthropotomists as arbitrary 
signs of the corresponding bones in the lowo: creation. 

The scapula in the monitor [varatwa) is a triangiilar plate with a convex hue, a 
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concave hind border, and a nearly straight front border ; the apex i3 thick and tmacate, 
with an oval surface divided into two facets. The hind border forma a part of the 
glenoid cavity ; the front one is a rough epiphysial surface, continuous with a similar 
but narrower tract, extending upon the anterior border, and by which the scapula 
articulates with the coracoid. In the iguanians and scincoids this synchondrosis is 
obliterated, and the two bones are confluent. The hind border of the scapula is nearly 
straight— the front one sends forwards a process dividing it into two deep marginations. 

The coracoid in both the varanus and iguana is short and broad ; its main body, ^ 
which articulates with the sternum, is shaped like an axe-blade, and two strong, straight, 
compressed processes extend forwards from its neck, which is perforated between the 
origins of these processes and the part forming the glenoid articulations. 

The clavicles are simple sigmoid styles in the varanus and iguana ; are bent upon 
themselves, like the Australian boomerang, in the cyclodus ; and have the median part of 
the bend expanded and perforated in lacerta and scincus. They are absent in the 
chameleon. 

The sacral vertebrsB retain, in some lacertiaos, the cup-and-ball joints; and in 
these — e.ff.^ the scincoids — ^in which the centrums coalesce, the hind end of the second 
presents a ball to the first caudal — ^not a cup, as in the crocodile. In the cyclodus the 
thick, short, straight pleurapophyses are distinct at their origins from the two coalesced 
centrums, but coalesce at their ends, that of the first sacral being the thickest. In 
varanus and iguana the pleurapophyses, as well as the centrums, retain their dis- 
tinctness, but the hinder ribs incline forwards and touch the expanded ends of the fore 
pair. These ends are very thick, and are scooped out obliquely behind, so as to present 
a curved border to the ilium, which Cuvier compares to a horse-shoe. 

In the varanus and iguana the pleurapophyses of the first caudal incline backwards 
as much as those of the second sacral do forwards. In the cyclodus they extend 
outwards, parallel with those of the sacral vertebrae, and are longitudinally grooved 
beneath. HsBmapophyses are wanting in the first caudal, are developed in the second, 
and are displaced to the interval between this and the third ; they are confluent at their 
distal end, and produced into a long spine. At the twelfth tail-vertebra the line is 
obvious that indicates the extent of the anterior detached piece, or epiphysis, of the 
centrum, immediately in front of the origin of the diapophyses ; it continues Tnar lring 
off the anterior third of the centrum in all the other caudals. At this line the tail 
snaps ofl^ when a lizard escapes by the common ruse of leaving the part of the tail by 
which it has been seized in the hands of the baffled pursuer. . It is a very curious cha- 
racter, and quite peculiar to the lacertians — ^this ossification of the centrum from two 
points and their incomplete coalescence : it adds nothing to the power of bending, or 
to any other action of the tail, but indicates a prevision of the liability to their being 
caught by their long tail, and may be interpreted as a provision for their escape. The 
neural arch has coalesced with the centrum throughout the tail : the epiphysial line does 
not extend through that arch ; but its thin and brittle walls soon break, when the two 
parts of the centrum are forcibly separated. 

lizards, as is well known, have the power of reproducing the tail, but the vertebral 
axis is never ossified in the new-formed part. 

Osteology of GxocodileB.--The numerous and varied forms of fossil bones of 
extinct reptiles derive most elucidation from the skeleton of the higher organized sauria 
of Cuvier, which now are rightly held to constitute a distinct order, called Lorieata or 
CrocodUia: a more complete description, therefore, will be given of the skeleton of 



Digitized by 



Google 



SKELETON OF THE CBOCODILE. 



201 



a member of this order than was deemed needfiil in regard to the lacertian group of 
sauna. 




Fig. IS.'^eKBLBTON OF THK csocoDiLB {CroeodUus ntloticus). 



Fig. 19. 




ATLA8 AKS AXIS VSRTSB&B OV 
THV C&OCODXLE. 



Commencing with the trunk, the first and second vertebrae of the neck are pecu- 
liarly modified in most air-breathing yertebrata, and 
have accordingly received the special names, the one 
of "atlas," the other of "axis." In comparative 
anatomy these become arbitrary terms, the properties 
being soon lost which suggested those names to the 
human anatomist; the "atlas," e.ff., has no power of 
rotation upon the " axis," in the crocodile, and it is only 
in the upright skeleton of man that the large globular 
head is sustained upon the shoulder-like processes of 
the " atlas." In the crocodile, these vertebrae are con- 
cealed by the peculiaiiy prolonged angle of the lower 
jaw in the side view of the skeleton (Fig. 18), and a 
figure of the two vertebrae is therefore subjoined (Fig. 19). The pleurapophyses, 
pi, are retained in both segments, as in all the other vertebrae of the trunk. That of 
the atlas, pi, a, is a simple slender style, articulated by the head only, to the " hypapo- 
plijsis," aht/. The neurapophyses, nay of the atlas retain their primitive distinctness ; 
each rests in part upon the proper body of the atlas, ca, in part upon the hypapophysis. 
The neural spine, tis, a, is also here an independent part, and rests upon the upper 
extremities of the neurapophyses. It is broad and flat, and prepares us for the farther 
metamorphosis of the corresponding element in the cranial vertebrae. 

The centrum of the atlas, ea, called the " odontoid process of the axis" in human 
anatomy, here supports the abnormally-advanced rib of the axis vertebra, ply x. The 
proper centrum of the axis vertebra, ex, is the only one in tlie cervical series which 
does not support a rib ; it articulates by suture with its neurapophyses, nx, and is 
characterized by having its anterior surface flat, and its posterior one convex. 

With the exception of the two sacral vertebrae, the bodies of which have one arti- 
cular surface flat and the other concave, and of the first caudal vertebra, the body of 
which has both articular surfaces convex, the bodies of all the vertebrae beyond the axis 
hare the dnterior articular surface concave, and the posterior one convex, and articulate 
▼ith one another by ball-and-socket joints. This type of vertebra, which I have 
tenned "procoeHan" (irpos, before, koiKos, concave), characterizes all the existing 
genera and species of the order Crocodilia with aU the extinct species of the tertiary 
periods, and also two extinct species of the green-sand formation in New Jersey.* 

• ** Quarterly Joomal of the Geological Society,*' Noveinber, 1848. 
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Here, so far as our j^resent knowledge extends, tJie type was lost, and other disposEttions 
of the articular surfaces of the centrum occur in the vertebne of the crocodilia of the 
older secondary formations. The only known crocodilian genus of the pieriods ante- 
cedent to the chalk and green-sand deposits with vertebrae articulated together by 
ball-and-socket joints, haTO the position of the c«p and the ball the reverse of that in 
the modem crocodiles, and one genus, thus characterized by vertebras of the " opistho- 
coelian" type (ovktOoSj behind, KoiXoSy concave), has accordingly been termed strepto- 
spondylus, signifying " vertebrae reversed." But the most prevalent type of vertebra 
amongst the crocodilia of the secondary periods wa^" that in which both articular 
surfaces of the centrum were concave, but in a less degree than in the single concave 
sui-face of the vertebrae united by ball and socket. Vertebrae of this " amphicoelian" 
tyj)G {afKpi, both, koi\os, concave) existed in the teleosaurus and steneosaurus. In 
the ichthyosam-us the concave surfaces are usually deepened to the extent and in. the 
form shown in those of the fish (Cut 8). Some of the most gigantic of the crocodilia of 
the secondary strata had one end of the vertebral centrum flattened, and the other 
(hinder) end ccmcave ; this " platycoelian" type (irXarwy, flat, /cofAos, concave) we find 
in the dorsal and caudal vertebroe of the gigantic cetiosaurus. 

"With a few exceptions, all the modem reptiles of the order lacertilia have the 
same procoslian type of vertebrae as the mlodem crocodilia, and the same structure pre- 
vailed as far back as the period of the mosasaurus, and in some smaUer members of the 
laoertilian order in the cretaceous and wealden ei)ochs. 

Resuming the special description of the osteology of the modem crocodilia, we find 
the procoelian type of centrum established in the third cervical, which is shorter but 
broader than the second ; a parapophysis is developed from the aide of the centrum, and 
a diapophysis from the base of the neural arch ; the pleurapophysis is shorter, its fixed 
extremity is bifid, articulating to the two above-named processes ; its free extremity 
expands, and its anterior angle is directed forwards to abut against the inner surface of 
the extremity of the rib of both the axis and atlas, whilst its posterior prolongation 
overlaps the rib of the fpurth vertebra. The same general characters and imbricated 
coadaptation of the ribs (Fig. 18), pl^ characterize the succeeding cervical vertebrae to 
the seventh inclusive, the lyrpapophysis progressively thoughth slightly increasing in 
size. In the eighth cervical the liib becomes elongated and slender; the anterior angle 
is almost or quite suppressed, and the posterior one more developed and produced more 
downwards, so as to form the body of the rib, which terminates, however, in a free point 
In the ninth cervical, the rib is increased in length, but is stiU what would bo termed a 
" false" or " floating rib " in anthropotomy. 

In the succeeding vertebra the pleurapophysis articulates with a ha^mapophysis,. 
and the haemal arch is completed by a hajmal spine ; and by this completion of the 
typical segment we distinguish the commencement of the series of dorsal vertebrae (i5.), D. 
With regard to the so-called " perforation of the transverse process" this equally exists 
in the present vertebra, as in the cervicals ; on the other hand, the cervical vertebrae 
equally show surJGtwes for the articulation of ribs. The typical characters of the seg- 
ment, due to the completion of both neiu-al and haemal arches, are continued in some 
species, of crocodilia to the sixteenth, in some {crocodilus acutus) to tho eighteenth 
vertebra. In the erocodilm acutus and the alligator lueius the haemapophysis of the 
eighth dorsal rib (seventeenth segment from the head) joins that of the antecedent ver- 
tebra. The pleurapophyses project freely outwards, and become " floating ribs" in the 
eighteenth, nineteenth^ and twentieth TertebisB, ia which th«y beoo]ny» ra]udly shorter^ 
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and in the last appear as mexe appendages to the end of the long and broad diapophyses : 
but the htemapophysfis hv tio means disappear after the solution of their union with 
their pleurapophyses ; they are essentially independent elements of the segment^ and 
they ore continued, therefore, in pairs along the ventral surface of the abdomen of the 
cpoeodilia, as fkr as their modified homotypes the pubic bones. Thoy are mare or less 
ossified, and are generally divided into two or three pieces. 

The lumbar vertebrss are those in which the diapophyses cease to support moveable 
pleurapophyses, although they are elongated by the coalesced rudiments of such 
which are distinct in liie young crocodilia. The length and persistent individuality 
of more or f^wer of these rudimental ribs detennines the number of tho dorsal and 
bimbar vertebrse respectively, and exemplifies the purely artificial character of the 
distinction. The number of vertebrse or segments between the skull and the sacrum, 
in all the crocodilia I have yet examined, is twenty-four. In the skeleton of a gavial I 
have seen thirteen dorsal and two lumbar; in that of a orocodilus cataphractus twelve 
dorsal and three lumbar ; in those of a crooodilus acutus and alligator lucius, eleven 
dorsal and four lumbar, and this is the most common number ; but in the skeleton of 
the crocodile, probably the species called croc bix>orcatus, described by Cuviar, he 
gives five as tho number of the lumbar vertebwe. But these varieties in the develop- 
m(»kt or coalescence of tl^ stunted pleurapophysis are of little essential moment ; and 
only serve to show the artificial character of the " dorsal" and " lumbar" vertebrsB. 
The coalescence of the rib with the diapophysis obliterates of course the character of- 
the ^* costal artioalar siu^aoes," which we have seen to be common to both dorsal and 
cervical vertebrae. The lumbar zygap<^hyses have their articulax surfaces almost hori- 
sontal, and the diapophyses, if not longer, have their antero-posterior extent somewhat 
inoreased ; they are much depressed, or flattened horizontally. 

The sacral vertebrae are rwy ^stinctly marked by the flatness of the coadapted enda 
of their oentnmis ; there are never more than two such vertebne in the crocodilia recent 
or extinct : in the first t^e anterior sorfiioe of the centrum is concave; in the second 
it is the posterior isvrflice ; t^e vygapophyses are not obHl)»«tedia eiiher of these sacral 
Tertebi», so tiiftt the aspects of their articular sxufaee— upwards in the anterior pair^ 
dtf wnw tap dfl m ike posterior pai!^-HkftermIne8 at once the corresponding extremity of a 
detac^Md sacral vertebra. The tlii^ and strong transverse proeesses foim another 
characteristic of these vertebres ; for a long period the suture near their base remains to 
show how large a propoztioaa is formed by the pleuxapofJiysis. Thia element articu- 
lates more w^ the centrum than with tiw diapo{^ysis devdoped from ^ neural arch ; 
it terminates hy a roog^, truncate, expanded extremity, whit^ almost or quite joins 
that of tite similarly but mere expanded rib of the other sacral vcrfeebrro. Against these 
extremities is applied a supplementary costal piece, serially homologous with the 
appendage to ^e proper pimsrapophyras in t^ dorsal vertehns, but here ibteizposing 
itself %etween t3te ^urapophyses and hwmapophyses of botk saooral vertebras, not of 
one only. Hiis intennediate pleurapo^yMal appendage is eailed the " ifium ;" it is^ 
^ort, thick, very broad, and sulitriangalKr, the lower truncated apex forming with the 
connected extremities of the hnmapophysis an ailicular cavity for the diverging append- 
age, called the ** hind leg." The haemapof^ysis of the anterior sacral vertebra, is called 
*^ pubis,'* 64 ; yt is moderately long and slender, bvt expanded and flattened at its lower 
extremity, which is directed forwards towards that of its feUow, and joined to it through 
1^ iatennadMim of a broad, caztikginotu^ ImbdmI -spine, completing the haemal canal. 
The posterior hnnapeji^nrsis, 63, is Woader, auUefvessed, aad anbtriaDgular, expanding 
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as it approaches its fellow to complete the second hsinal arch. ; it is termed ** ischium." 
The great development of all the elements of these hiemal arches, and the peculiar and 
distmctive forms of those that haye thereby acquired, from the earliest dawn of anato- 
mical science, special names, relates physiologiically to the functions of the diyergmg 
appendage which is developed into a potent locomotive member. This limb appertains 
properly, as the proportion contributed by the ischium to the articular socket and the 
greater breadth of the pleurapophysis show, to the second sacral vertebra ; to which the 
ilium chiefly belongs. 

The first caudal vertebra, which presents a ball for artieulatuig with a cup on the 
back part of the last sacral, retains, nevertheless, the typical position of the ball on the 
back part of the centrum ; it is thus biconvex, and the only vertebra of the series 
which presents that structure. 

The first caudal vertebra, moreover, is distinguished from the rest by having no 
articular surfaces for the hsemapophyses, which in the succeeding caudals form a hamal 
arch, like the neurapophyses above, by articulating directly with the centrum. The 
arch so formed has its base not applied over the middle of a single centrum, but, like 
the neural arch in the back of the tortoise and sacrum of the bird, across the interspace 
between two centrums. The first haemal arch of the tail belongs, however, to the 
second caudal vertebra, but it is displaced a little backwards from its typical position. 

The caudal hsemapophyses, h A, coalesce at their lower or distal ends, from which a 
spinous process is «prolonged downwards and backwards ; this grows shorter towards 
the end of the tail, but is compressed and somewhat expanded antero-posteriorly. The 
hflemal arch so constituted has received the name of " chevron bone." 

It is very true, as Ouvier said in the last lecture he delivered, *^ if we were Qgreed 
as to the crocodile's head, we should be so as to that of other animalfl ; because the 
crocodile is intermediate between mammals, birds, and fishes." Accordingly, the follow- 
ing description of the crocodile's skull is coextensive with that of the fish ; if the 
answerable bones are rightly determined between these, their correspondence with 
those of other vertebrates will be fSacilitated. The difficulties in comprehending the 
nature of some of the bones of the crocodile's head have arisen through passing to its 
comparison from that of the mammal's skull— by descending instead of ascending to it. 

The segments composing the skuU are more modified than those of the pelvis ; but 
just as the vertebral pattern is best preserved in the neural arches of the pelvis, which 
are called collectively *^ sacrum," so, also, is it in Hie same arches of the skull, which 
are called collectively ^^ cranium. The elements of which these cranial arches are 
composed preserve, moreover, their primitive or normal individuality more completely 
thaA in any of the vertebras of the trunk, except the atlas, and consequently the 
archetypal character can be more completely demonstrated.* 

If^ after separating the atlas from the occiput, we proceed to detach Hie occipital 
segment of the cranium from the next segment in advance, we find the detached segment 
presenting the form and structure of the neural arch. The *^ centrum" presents, like 
those of the trunk, a convexity or ball at its posterior articular surface, but its anterior 
one, like the hindmost centrum of the sacrum, unites with the next centrum in advance 
by a flat rough ^' sutural" surface. like most of the centrums in the neck and begin- 
ning of the back, that of the occiput developes a hypapophysis, but this descending 

* The skull of the crocodile, partially disarticulated, and with the bones numbered as in the 
foUowing description, may be had of Mr. Flower, No. 22, Lambeth Terraoe^ Lambeth Boad. 
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process is longer and larger, its base extending over the whole of the under snrfieuie of 
the centrum. It is a character whereby the occipital centrum of a crocodilian reptile 
may be distuigxiished from that of a lac^rtian one ; for in the latter a pair of diverging 
hypapophyses project from the under surface, as is shown in most recent lizards and in 
the great extinct mosasaurus. 

The upper and lateral parts of No. 1 present rough sutural surfaces, like those in 
the centrums of the trunk, for articulating with the *^ neurapophyses," Nos. 2, 2, 
which develope short, thick, obtuse, transverse processes, 4, 4. The modified or 
specialized character of the elements of the cranial vertebrsB has gained for them special 
names. The centrum, I, is called, as in fishes and all other vertebrates, the *^ baa- 
occipital ;" the neurapophyses, 2, 2, are the ^* exoccipitals ;" the neural spine, 3, is the 
" superoccipital." The transverse processes, 4, 4, which may combine both diapophyses 
and parapophyses, are called the " paroccipitals ;" they are never detached bones in the 
crocodilia, as they are in the chelonia and in most fishes. The exoccipitals peiform 
the usual functions of neurapophyses, and, like those of the atlas, meet above the neural 
canal ; they are perforated to give exit to the vagal and hypoglossal nerves, and protect 
the sides of the medulla oblongata and cerebellum — the two divisions of the epence- 
phalon. The superoccipital, 3, is broad and flat, like the similarly detached neural 
spine of the atlas ; it advances a little forwards, beyond its sustaining neurapophyses, 
to protect the upper surface of the cerebellum ; it is traversed by tympanic air-cells, 
and assists with the exoccipitals, 2, 2, in the formation of the chamber for the internal 
ear. 

The chief modification of the occipital segment of the skull, as compared with that 
of the osseous fish, or with the typical vertebra, is the absence of an attached haemal 
arch. We shall afterwards see that this arch is present in the crocodile, although 
displaced backwards. 

Proceeding with the 'neural arches of the crocodile's skuU, if we dislocate the 
segment in advance of the occiput, we bring away, in connection with the long base- 
bone, 5, the bone, 9, which in the figure of the section of the serpent's skull (Cut 17) 
Is shown similarly united to 5. In fact, the centrums of the vertebr© have here coalesced, 
as we find to happen in the neck of the siluroid fishes, and in the sacrum of birds and 
mammals. The two connate cranial centrums mnst be artificially divided, in order to 
obtain the segments distinct to which they belong. The hinder x>ortion, 5, of the great 
base-bone, which is the centrum of the parietal vertebra, is 'called ^' basisphenoid.'' It 
supports that part of the ** mesencephalon," which is formed by the lobe of the third 
ventricle, and its i^per surface is excavated for the pituitary prolongation of that 
cavity. The basisphenoid developes from its under surface a " hypapophysis," which 
is suturally imited with the fore part of that of the basioccipital, but extends further 
down, and is similarly united in front to the '* pterygoids," 24. These rough sutural 
surfaces of the long descending process of the basisphenoid are very characteristic of 
that centrum, when detached, in a fossil state. The neurapophyses of the parietal ver- 
tebra, 6} 6, or the " alisphenoids," protect the sides of the mesencephalon, and are notched 
at their anterior margin, for a conjugational foramen transmitting the trigeminal nerve. 
As accessory functions they contribute, like the corresponding benes in fishes, to the 
formation of the ear-chamber. They have, however, a Httle retrograded in position, 
resting below in part upon the occipital centrum, and supporting more of the spine of 
that segment, 3, than of their own, 7. The spine of the parietal vertebra is a per- 
manently distinct, single, depressed bone, like that of the occipital vertebra ; it is called 
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the *^parieUl/' *nd eomi^etes tiie neural uoh, as ita erown or key-boae ; it is partially 
czcaTated by the tympanic air<-oeU8, and oTcrlaps the supcroccipital. The bouoS) 8, ^ 
v«dged between 6 and 7, manifest mme of their diapophysial character than their 
liomotypefl, 4,4, do in the occipital segment, since they airport modified ribs, are 
developed from independent centres^ and preserve their individuality. They £onn no 
part of the inner walls of the cranium, but send outwards and backwards a strong ' 
tk-ansvene process for muscular attachment. They afford a ligamentous attachment to i 
the h®mal arch of their own segment, and articulate kigcly with the i^curapo- ' 
physes, 28, of ihc antecedent' hasnal arch, whose mme backward displacement^ in 
comparison with its position in the fish's skuU, is well iUustrated in the metamorphosis 
of the toad and frog. I 

On removing the neural arch of the parietal vertebra, after the section of its • 
confluent centnim, the elements of the oorresp<mdtng arch of the frontal vertebra < 
present the same arrangement. The compressed i^oduced centrum has its form modified ' 
like that of the vertebral centrums at the opposite extr«ne of the body in many birds ; | 
it is caUed the <* presphenoid." The neurapophyses, 10, 10, articulate with the upper 
part of 9 ; they are expanded, and smoothly excavated on their inner surface to support | 
the sides of l^e large prosencephalon ; they dismiss the gi%at optic nerves by a notch. I 
They show the same tendency to a retrogxade change of position as the neighbouzing I 
ncurapophyses, 6 ; for though they support a greater proportion of their proper spine, 1 1, | 
they also support part of the parietal spine, 7, and rest, in part, below upon the parietal 
centrum, 5: the ncurapophyses, 10,10, are called " orbitosphcnoids." The neural 
spine, 11, of tiie frontal vertebra retains its normal character as a single symmetrical 
bone, like the parietal spine which it partly overlaps ; it also completes the neural ardi 
of its own segment, but is remarkably extended longitudinally forwards, where it is 
much thickened, and assists in forming the cavities for the eye-balls ; it is called the 
"frontal" bone. 

In contemplating in the skull itself, or such side view as is given in Fig. 9, p. 22, 
of my work on the Archetype Skeleton, the relative position of the frvntal, 11, to 
the parietal, 7, and of this to the superocoipital, 3^ which is overlapped by the 
parietal) just as itself overlaps the fiattemed spine of the atlas, we gain a con- 
viction which cannot bo shaken by any difierence in their mode of ossification, 
by their median bipartition, or by their extreme expansion in other animaia, that the 
above-named single, median, imbricated bones, eltch comfdeting; its neural arch, and 
permanently distinct from the piers of such ardi, must repeat the same element in 
those successive arches — ^in other words, must bo "homotypes,** or ^rially homologous. 
In like manner the serial homology of those piers, ealled ^^neurapophyses," vix., the 
laminsa of the atlas, the exoccipitals, the alisphenoids, and the orbitosphenoids, is 
equally unmistakable. Nor can we shut out of view the same serial relationship of 
the parocoipitals, as coalesced diaphophyses of the occipital vertebra, with the mastoids 
8, and the postfrontals, 12, as permanently detached diapophyses of their respective 
vertebrae. AH stand out from the sides of the cranium, as tranverse processes for mus- 
cular attachment ; all are alike autogenous in the turtles ; and aU of them, in fishes, offer 
articular surfaces for the ribs or luemal arches of their respective vertelnra ; and those 
characters arc retained in the postfrontals as well as in the mastoids of the croco^es. 

The frontal diapophysis, 12, is wedged between the back part of the spine, 11, and 
the neurapophysis, 10 ; its outwardly projecting process extends aL«o backwards, ond 
joins that of the succeeding diapophysis, 8 ; but, notwithstanding the retrogradation of 
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the iiifozior arelv it still arttcitlates wiih part of its own pleniapophysiaL eloaient^ 28, 
wtidi forms the proximal eleiaent of that arch. 

There finally remam in the eiaoiam of the croeodile, after Hie successiye detach- 
ment of the foregoing arches^ the hones terndnating the fore^part of the skull; but, 
aotwithstandiiig the extreme degree of modification to which their extreme position 
subjects them, we can still trace in their arrangement a coirespondenoe with the ver- 
tebrate type. 

A long and slender symmetrical grooyed bone, 13, between 24 and 24, like the ossified 
inferior half of the capsule of the notodiord, is continmed forwards from the inferior 
part of the centrum, 9, of the frontal vertebra, and stands in the relation of a centrum 
to the vertical plates of bone, 14, which expand as they rise into a broad, thick, trian- 
gular plate, with an exposed horizontal superior suarface. These bones, which ase called 
*' prefontals," stand in the relation of ** neurapophyses '' to the rhinencephalic pro- 
longations of the brain commonly but erroneously caHod ^* olfactory nerves ;" and tibiey 
form the piers or haunches of a neural arcli, which is completed above by a pair of 
symmetrical bones, 15, called ^nasals," which I regard as a divided or bifid neural 
e^ine. 

The centrum of tills arch is established by osofication in the expanded anterior 
prolongation of the fibrous capsule of the notochord, beyond the termination of its 
gelatinoiu axas. The median portion above sj^ecificd retaius most of tho formal 
characters of the centrum ; but there is a pcur of long, slender, symmetrical ossicles, 
"vdiich, frDm the seat of their original development, a^d their relative position to the 
neural arch, must be regarded as also parts of its centrum. And this ossification, of the 
element in question from different centres wHl be no new or stzange ehoracter to thoso 
who recollect that the vertebral body in man and mai^maHa is <tei^Ioped from three 
centres. The term ^* vomer" is applied to the pair of bones, 13, because their special 
homcdogy with the siog^ medion bone, so called in fishes and mammals, is indisputable ; 
but a portion of the saoaEie element of the skull retains its single symmetrical character 
in the crocodile, and is coBnate with the enonnous pterygoids, 24, between which it is 
wedged. In some alligators (all, niffer) the divided anterior vernier extends fkr forwards, 
expiUQds anteriorly, and appears upon the bony palate. 

Almost all the oti^ bones of the head of the orocodile are adjusted so as to constitute 
four inreited arches. These are the haemal arclies of the four segments or vertebre^ of 
which, the neoral arches have been just described. But they have been the seat of much 
greater modififiatioiis, by which, they are made subservient to a variety of functions 
unknown m the hsemal arches of the rest of the body. Thus the two anterior haemal 
arches of the head perform the office of seiidng and bruising the food ; arc armed for 
that purpose with teeth : and, whilst one arch is firmly fixed, the other works upon it 
like the hammer upon the anvil. The elonents of the fixed arch, called '^ maxillary 
arch," have accordingly undergone the greatest amount of morphological change, in 
order to adapt that arch to its share in mastication, as well as for forming part of the 
passage for the respiratory medium, which is perpetually traversing this haemal canal 
in its way to purify the blood. Almost the whole of the upper surface of the maxillary 
arch is firmly united to contiguous parts of the skull by roiigh or sutural stirfaces, and 
its strength is increased by bony appendages, which diverge from it to abut against 
other parts of the skuIL Comparative anatomy teaches that, of the numerous places of 
attachment, the one which connects the maxillary arch by its element, 20, with tho 
centrum, 13, and the descending plates of the neurapophyscs, 14, of the i^asal segment, 
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is the normal or the most constant point of its suspension, the bone, 20, being the 
pleurapophysial element of the maxillary arch : it is called the ^* palatine,'' because the 
under surface forms a portion of the bony roof of the mouth, called the " palate." It 
is articulated at its fore part with the bone, 21, in the same plates, which bone is the 
hsemapophysial element of the maxillary arch : it is called the ** maxillary," and is 
greatly developed both in length and breadth ; it is connected not only with 20 behind, 
and 22 in front, which are parts of the same arch, and with the diverging appendages 
of the arch, viz., 26, the malar bone, and 24, the pterygoid, but also with the nasals, 
15, and the lacrymal, 16, as well as with its fellow of the opposite side of the arch. 
The smooth, expanded horizontal plate, which effects the latter junction, is called the 
palatal plate of the maxillary ; the thickened external border, where this plate meets 
the external rough surface of the bone, and which is perforated for the lodgment of the 
teeth, is the " alveolar border" or " process" of the maxillary. The haemal spine or 
key-bone of the arch, 22, is bifid, and the arch is completed by the symphysial junction 
of the two symmetrical halves ; these halves are called " premaxJUazy bones :" these 
bones, like the maxillaries, have a rough facial plate, and a smooth palatal plate, with 
the connecting alveolar border. The median symphysis is perforated vertically through 
both plates ; the outer or upper hole being the external nostril, the under or palatal one 
being the prepalatal or naso-palatal aperture. 

Both the palatine and the maxillary bones send outwards and backwards parts 
or processes which diverge from the line of the haemal arch, of which they are the 
chief elements ; and these parts give attachment to distinct bones which form the 
<< divergiog appendages^' of the arch, and serve to attach it, as do the diverging 
appendages of the thoracic hsemal arches in the bird, to the succeeding arch. 

The appendage, 24, called " pterygoid," effects a more extensive attachment, and is 
peculiarly developed in the crocodilia. As it extends backwards it expajids, unites 
with its fellow below the nasal canal, and encompassing that canal, coalesces above it 
with the vomer, and is firmly attached by suture to the presphenoid and basisphenoid : 
it surrounds the hinder or palatal nostril, and, extending outwards, it gives attachment 
to a second bone, 25, called " ectopterygold," which is firmly connected with the 
maxillary, 25, the malar, 26, and the post-frontal, 12. The second diverging ray is of 
great strength; it extends from the maxillary, 21 (^' hiemapophysis" of the maxillary 
arch), to the tympanic, 28 (" pleurapophyses" of the mandibular arch), and is divided 
into two pieces, the malar, 26, and the squamosal, 27. Such are the chief crocodilian 
modifiations of the hsemal arch, and appendages of the anterior or nasal vertebra of 
the skull. 

The haemal arch of the frontal vertebra is somewhat leas metamorphosed, and has no 
diverging appendage. It is slightly displaced backwards, and is articulated by only a 
small proportion of its pleurapophysis, 28, to the parapophysis, 12, of its own segment ; 
the major part of that short and strong rib articulating witii the parapophysis, 8, of the 
succeeding segment. The bone, 28, called " tympanic," because it serves to support 
the " drum of the ear" in air-breathing vertebrates, is short, strong, and immoveably 
wedged, in the crocodilia, between the paroccipital, 4, mastoid, 8, post-frontal, 12, and 
squamosal, 27 ; and the conditions of this fixation of the pleiurapophysis are exemplified 
in the great development of the hsemapophysis (mandible), which is here unusually 
long, supports numerous teeth, and requires, therefore, a firm point of suspension, in 
the violent actions to which the jaws are put in retaioing and overcoming the struggles 
of a powerful living prey. The moveable articulation between the pleurapophysis, 28, 
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and thfi rest of the hsemal arch is analogous to that which we find between the thoracic 
pleurapophyBis and hffimapophyBis in the ostrich and many other birds. But the 
haBmopophysis of the mandibular arch in the crocodiles is subdiyided into several pieces, 
in order to combine the greatest elasticity and strength with a not ezceBsive weight of 
bone. The difSarent pieces of this purposely subdiyided element have receiyed definite 
names. That numbered 29, which offers the articular concayity to the conyex condyle 
of the tympanic, 28, is called the *^ articular" piece ; that beneath it, 30, which 
deyelopes the angle of the jaw, when this projects, is the '* angular" piece ; the piece 
aboye, 29^, is the ^^ surangular ;" the thin, broad, flat piece, 31, applied, like a splint, 
to the inner side of tho other parts of the mandible, is the ^* splenial ;" the small 
accessory oeside, 31', is tho " coronoid," because it deyelopes the process, so called, in 
lizards ; the anterior piece, 32, which supports the teeth, is called the ^^ dentary." 
This latter is the homotype of the premaxillary, or it represents that bone in the man- 
dibular arch, of which it may be regarded as the hsemal spine ; the other pieces are 
subdiyisions of the hssmapophysial element. The purport of this subdivision of the 
lower jaw-bone has been well explained by Conybeare * and Buckland,t by the analogy 
of its structure to that adopted in binding together several parallel plates of elastic wood 
or steel to make a crossbow, and also in setting together thin plates of steel in the 
springs of carriages. Dr. Buckland adds — ^' Those who have witnessed the shock given 
to the head of a crocodile by the act of snapping together its thin long jaws, must have 
seen how liable to fracture the lower jaw would be, were it composed of one bone only 
on each side." The same reasoning applies to the composite structure of the long 
tympanic pedicle in fishes. In each case the splicing and bracing together of thin flat 
bones of unequal length and of varying thickness, affords compensation for the weakness 
and risk of fracture that would otherwise have attended the elongation of the parts. 
In the abdomen of the crocodile the analogous subdivision of the hsemapophyses, there 
called abdominal ribs, allows of a slight change of their length, in the expansion and 
contraction of the walls of that cavity ; and since amphibious reptiles, when on land, 
rest the whole weight of the abdomen directiy upon the ground, tKe necessity of the 
modification for diminished liability to fracture farther appears. These analogies are 
important, as demonstrating that the general homology of the elements of a natural 
segment of the skeleton is not affected or obscured by their subdivision for a special 
end. Now this purposive modiflcation of the hssmapophyses of the frontal vertebra 
is but a repetition of that which affects the same elements in the abdominal vertebrsd. 

Passing next to the haemal arch of the parietal vertebra, we are first struck 
by its small relative size. Its restricted functions have not required it to grow in 
proportion with the other arches, and it consequentiy retains much of its embryonic 
dimensions. It consists of a ligamentous " stylohyal," its pleurapophysis retaining tlie 
same primitive histological condition which obstructs the ordinary recognition of the 
same elements of the lumbar hsemal arches. A cartilaginous " epibyal," 39, intervenes 
between this and the ossifled ^^ hflemapophysis," 40, which bears tiie special name of 
ceratohyaL The haemal spine, 41, retains its cartilaginous state, like its homotjrpes, in 
the abdomen; there they get the special name of "abdominal sternum," here of 
« basihyai" The basihyal has, however, coalesced with the thyrohyals to form a broad 
oartilftginous plate, the anterior border rising like a valve to dose the fkuoes, and the 

• « GeoL Tran«.,»» 1821, p. 565. 

t «»Bridgewater Treatise,** 1856, voL i., p. 176. 
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posterior angles extending beyond and sustaining the thyroid and otiier parts of the 
larynx. The long bony "ceratohyal" and the commonly cartilaginous "epihyal" 
are suspended by the ligamentous " stylohyal" to the paroccipital process ; the vhde 
arch having, like the mandibular one, retrograded from the connection it presents in 



This retrogradation is still more considerable in the succeeding haemal arch. In 
comparing the occipital segment of the crocodile's skeleton with that of the fish, the 
chief modification that distinguishes that segment in the crocodile is the apparent 
absence of its haemal arch. We recognise, however, the special homologues of the 
constituents of that arch of the fish's skeleton in the bones 51 and 62 of the crocodile's 
skeleton (Fig. 18) ; but the upper or suprascapular piece, 50, retains, in connection with 
the loss of its proximal or cranial articulations, its cartilaginous state ; the scapula, 51, 
is ossified, as is likewise the coracoid, 62, the lower end of which is separated from its 
fellow by the interposition of a median, symmetrical, partially-ossified piece called 
** epistemum." The power of recognising the special homologies of 50, 51, and 62 in 
the crocodile, with the similarly-numbered constituents of the same arch in fishes— 
though masked, not only by modifications of form and proportion, but even of very 
substance, as in the case of 50 — depends upon the circumstance of these bones consti- 
tuting the same essential element of the archetypal skeleton, viz., the fourth hamal 
arch, numbered^/, 62, in Fig. 7 : for although in the present instance there is super- 
added, to the adaptive modifications above cited, the rarer one of altered connections, 
Cuvier does not hesitate to give the same names, "suprascapulaire" to 50, and "scapu- 
laire" to 51, in both fish and crocodile ; but he did not perceive or admit that the 
narrower relations of special homology were a result of, and necessarily included in, the 
wider law of general homology. According to the latter law, we discern in 50 and 51 
a compound " pleurapophysis," in 62 a " haemapophysis," and in hs, the "hjemal 
spine," completing the haemal arch. 

The scapulo-coracoid arch, both elements, 61, 52, of which retain the form of strong 
and thidc vertebral and sternal ribs in the crocodile, is applied in the skeleton of that 
animal over the anterior thoracic haemal arches. Viewed as a more robust haemal arch, 
it is obviously out of place in reference to. the rest of its vertebral segment. If we seek 
to determine that segment by the mode in which we restore to Hicir centrums the 
less displaced neural arches of the antecedent vertebne of the cranium or in the sacrum 
of the bird,* we proceed to examine the vertebrae before and behind the displaced arch, 
with the view to discover the one which needs it, in order to be made typically com- 
plete. Finding no centrum and neural arch without its pleurapophyscs from the 
scapula to the pelvis, we give up our search in that direction ; and in the opposite 
direction we find no vertebra without its ribs, until we reach the occiput ; there we 
have centrum and neural arch, with coalesced parapophyses, but without the hemal 
arch, which arch can only be supplied by a restoration of the bones 50-52 to the place 
which they naturally occupy in the skeleton of the fish. And since anatomists are 
generally agreed to regard the bones 50-62 in the crocodile (Fig. 18) as specially homolo- 
gous with those so numbered in the fish (Fig. 9), we must conclude that they are like- 
wise homologous in a higher sense ; that in the fish the scapula-coracoid arch is in its 
natiutil or typical position, whereas in the crocodile it has been displaced for a special 
purpose. Thus, agreeably with a general principle, we perceive that, as the lower 

* See " On the Archetype and Homologies of the Vertebrate Skeleton," pp. 117 and 159. 
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yertebrate animal illustrates the eloaer adheaioB. to the archetype by the natural artiau- 
lation of the scapalo-coracoid arch to the occipiut, so the higher vertebrate manifesta 
the superior influence of the antagonusing po ver of adaptive modification by the remoTal 
of that arch from its {Hroper segment. 

The anthxopotomist, by his mode of counting and defining the dorsal yertebrsB and 
ribs, admits, unconsciously perhaps, the important principle in general homology which 
is here exemplified ; and which, pursued to its legitimate consequences, and farther 
applied, demonstrates that the scapula is the modified rib of that centrum and neural 
arch, which he calls the " occipital bone ;" and that the change of place which chiefly 
masks that relation (for a very elementary acquaintance wiUi comparative anatomy 
shows how little mere form and proportion affect the homological characters of bones), 
differs only in extent, and not in kind, from the modification which makes a miner 
amount of comparative observation requisite, in order to determine the relation of the 
shifted'dorsal rib to its proper centrum in the human skeleton. 

With reference, therefore, to the occipital vertelnra of the crocodile, if the com- 
paratively weU-developed and permanently-distinct ribs of all the cervical vertebra) 
prove the scapular arch to belong to none of those segmentsi and if that homial arch 
be required to complete the occipital segment, which it actually does complete in 
fishes^ then the same conclusion must apply to the same arch in other animals, up 
to man himself . 

The anterior locomotive extremity is the diverging appendage of the arch, under 
one of its mmierous modes and grades of development. The proximal element of this 
appendage, or that nearest the arch, is called the ^^ humerus," 53 (Fig. 18). The 
second segment of the limb consists of two bones ; the larger one, 54, is called the 
" ulna :'* it articulates with the outer condyle of the humerus by an oval facet, the 
thick convex border of which swells a little out behind, and forms a kind of rudimental 
^^ olecranon ;" the distal end is much less than the proximal one, and is most produced 
at the radial side. 

The radius, 65, has an oval head ; its shaft is cylindrical ; its distal end oblong and 
subcompressed. 

The small bones, 56, which intervene between these and the row of five longer 
bones, are called '' carpals ;" they are four in number in the crocodilia. One seems to 
be a continuation of the radius, another of the ulna; theso two are the principal - 
carpals ; they are comjoressed in the middle, and expanded at their two extremities : 
that on the radial side of the wrist is the largest. A third small ossicle projects slightly 
backwards from the proximal end of the ulnar metacarpal ; it answers to the bone caUed 
*^ pisiforme" in the human wrist. The fourth ossicle is interposed between the ulnar 
carpal and the metaearpals of the three ulnar digits. 

These five terminal-jdnted rays oi the appendage are counted from the radial to the 
ulnar side, and have received special names; the first is called ^*pollex," the second 
" index," the third " medius," the fourth " annularis," and the fifth " minimus." The 
first joint of each digit is ciUed " metacarpal ;" the others are termed " phalanx." In 
the crocodilia the poUex has two phalanges, the index three, the medius four, the annu- 
laria four, and the minimus three. The terminal phalanges, which are modified to 
support daws, are called "ungual" phalanges. 

As the above-described bones of the scapular extremity are developments of the 
appendage of the scapular arch, which is the haemal arch of the occipital vertebra, it 
follows, that, like the branchiostegal rays andr opercular bones in fishes, they are essen- 
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tially bones of the head. But the enumeration of the bones of the crocodile's skull is 
not completed by these ; there is a bone anterior to the orbit, which is perforated at its 
orbital border by the duct of the lacrymal gland, whence it is termed the '^ laciymal 
bone," and its &cial part extends forwards between the bones marked 14, 15, 21, and 
26. In many crocodilia there is a bone at the upper border of the orbit, which extends 
into the substance of the upper eyelid ; it is called ^^ superorbital." In the crooodilus 
palpebrosus there are two of these ossicles! 

Both the lacrymal and superorbital bones answer to a series of bones found com- 
monly in fishes, and called "suborbitals" and " superorbitals." The lacrymal is the 
most anterior of the suborbital series, and is the largest in fishes ; it is also the most 
constant in the vertebrate series, and is grooved or perforated by a mucous duct. These, 
ossicles appertain to the dermal or muco-dermal system or " exoskeleton," not to the 
vertebral system or " endoskeleton," 

There remains, to complete this sketch of the osteology of the crocodile, a brief notice 
of the bones composing the diverging appendage of the pelvic arch : these being a repe- 
tition of the same element as the appendage of the scapular arch, modified and developed 
for a similar office, manifest a very close resemblance to it. The first bone, called the 
" femur," is longer than the humerus, and, like it, presents an enlargement of both 
extremities, with a double curvature of the intervening shaft, but the directions are the 
reverse of those of the humerus, as may be seen in Fig. 18, where the upper or proximal 
half of the femur is concave, and the distal half convex, anteriorly. The head of the 
femur is compressed from side to side, not from before backwards as in the humerus ; a 
pyramidal protuberance from the inner surface of its upper fourth represents a " tro- 
chanter ;" the distal end is expanded transversely, and divided at its back part into 
two condyles. The next segment of the hind-Hmb or " leg," includes, like the corres- 
ponding segment of the fore-limb called " fore-arm," two bones. The largest of these 
is the " tibia," 66, and answers to the radius. It presents a large, triangular head to 
femur; it terminates below by an oblique crescent with a convex sur&ce. The 
" fibula" is much compressed above ; its shaft is slender and cylindrical, its lower end 
is enlarged and triangular. The group of small bones which succeed those of the leg 
are the tarsals ; they are four in number, and have each a special name. The " astra- 
galus" articulates with the tibia, and supports the first and part of the second toe. The 
calcaneum intervenes between the fibula and the ossicle supporting the two outer toes ; 
it has a short but strong posterior tuberosity. The ossicle referred to represents the 
bone called " cuboid" in the human tarsus. A smaller ossicle, wedged between the 
astragalus and the metatarsals of the second and third toes is the " ectocuneifi)nn." 

Four toes only are normally developed in the hind-foot of the crocodilia ; the fifth 
is represented by a stunted rudiment of its metatarsal, which is articulated to the cuboid 
and to the base of the fourth metatarsal. The four normal metatarsals are much longer 
than the corresponding metacarpals. That of the first or innermost toe is the shortest 
and strongest ; it supports two phalanges. The other three metatarsals are of nearly 
equal length, but progressively diminish in thickness from the second to the fourth. 
The second metatarsal supports three phalanges; the third four ; and the fourth also 
has foxur phalanges, but does not support a claw. The fifth digit is represented by a 
rudiment of its metatarsal in the form of a flattened triangular plate of bone, attached 
to the outer (tide of the cuboid, and sUghtly curved at its pointed and prominent end. 

The forms and proportions of the entire skeleton of the crocodile are adapted to the 
necessities of an amphibious animal, but minister to much more rapid and energetic 
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moTementa in .water than on land. The short limbs preclude the possibility of very 
quick course along shore ; and the overlapping of the ribs of the neck, whilst enabling 
the head the better to cleaye the water during the acts of diving or swimming, makes 
the bending of that part from side to side an act of difficulty and time ; this, it is said, 
may avail any one pursued by a crocodile on dry land to escape by turning out of the 
straight course. But the crocodile usually seizes his prey by stratagem or concealment 
when in or close to the water ; and it is there that he shows himself master of his 
position, and chiefly by the powerful strokes of his long, large, vertically-flattened tail. 

Osteology of Chelonian Reptiles— Tortoises and Turtles.— Those ani- 
mals to which, in the manifold modifications of the organic framework, a portable 
dwelling or place of refrige has been given, in compensation for inferior powers of loco- 
motion or other means of escape or defence, have always attracted especial attention ; 
and of them the most remarkable, both for the complex construction of their abode as 
well as for their comparatively high organization, are the reptiles of the chelonian 
order. The expanded thoracic-abdominal case, into which, in most chelonians, the 
head, the tail, and the four extremities can be withdrawn, and in some of the species be 
there shut up by moveable doors closely fitting both the anterior and posterior apertures 
— as, «.^., in the box-tortoises {emostemofiy eistudo) — ^has been the subject of many and 
excellent investigations ; and not the least interesting result has been the discovery 
that this seemingly special and anomalous superaddition to the ordinary vertebrate 
structure is due, in a great degree, to the modification of form and size, and, in a less 
degree, to a change of relative position, of ordinary elements of the vertebrate skeleton. 

The natural dwelling-chamber of the chelonia consists chiefly, and in the marine 
species (ehelone) and mud-turtles {trionyx) solely, of the floor and the roof: side-walls 




Fig. 20.— SKELETON OF THB XUBOPEAN TORTOISE. 



*V ** 



of variable extent are added in the fresh-water species {emydians) and land-tortoises 
(testtidmians). The whole consists chiefly of osseous '^ plates " with superincumbent 
homy plates or " scutes," except in the soft or mud-tortoises (trionyx and tphargis)^ in 
which these latter are wanting. 



Digitized by 



Google 



ai4 



CARAFACV OF THE TUETLE. 



Fig. 20 showB the numner in which the head and itak can he retracted within the 
theracioahdomiBal hoz : the four limhs are figured as extended in the act of walking, 
to show th^ structure. The only moTeahle yertehne are those of the neck and tail, 
and the former enjoy a great degree of flexibility. The rertehrse answering to the dor- 
sal, lumbar, and saosl series are firmly fixed together; but l&e dorsal ones, 1 to 8, are 
chiefly concemed in the formation of the osseous dweUing-chamber. The oompoation 
of this will be first described as it exists in the turtle {cheioni)^ the speeies called 
^^ loggerhead" being here selected for its illustration. 

In the marine species of the chekmian order, of which this may be regarded as the 
type, the ossification of the carapace and plastron is less extensire, and the whole 

skeleton is lighter, than in the box- 
Kg. 21. tortoise (Fig. 20), or any of those spe- 

cies that live on dry land. The head 
is proportionailly larger, — a character 
common to aquatic animals; and, being 
incapable of retraction within the cara- 
pace, ossification extends in the direc- 
tion of the fascia covering the tempo- 
ral muscles, and forms a second bony 
covering of the cranial cavity: this 
wicesBory defence is not due to the in- 
tercidatian of any new bones, but to 
exogenous growths tnm the irentals, 
11, postfit>ntals, 12, parietals, 7, and 
mastoids, 8. 

The carapace (Fig. 21) is composed 
of a series of median and symmetrical 
pieces chj si to « 11, and of two series 
of unsymmetrical pieces on each side. 
The median pieces hsre been regarded 
as lateral expansions of tHe summits of 
the neural spines; the medio-lateral 
pieces as similar developments of the ribs ; and the marginal pieces as the liomologucs 
of the sternal ribs. But the development of the carapace shows that ossification begins 
independently in a fibro-cartilaginous matrix of the corium in the first, cA, and some of 
the last, «9to«ll, median plates, and extends firom the summits of thq neural spines 
into only eight of the intervening plates, «1 to «8 : ossification also extends' into tho 
contiguons lateral plates, pi I to pi 8, in some chelonia, not from the con*esponding part 
of the subjacent ribs, but from points alternately nearer and farther from their heads, 
showing that such extension of ossification into the corium is not a development of the 
tubcrde of the rib, as has been supposed. Ossification commences independently in the 
corium in all the marginal plates, «i 1 to py, which never coalesce with the bones 
uniting the sternum with the vertebral ribs, and which are often more numerous, and 
sometimes less numerous than those ribs, and in a few species are wanting. Whence 
it is to be inferred that the es^anded bones of the carapace, which are supported and 
impressed by the thick epidermal scutes called ^' tortoise-shell,*' are dermal ossifica- 
tions, homologous with those which support the nuchal and dorsal epidermal scutes in 
the crocodile. Most of the pieces of the carapace being directly continuous or comiate 
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with tiae obTJow^temCTita of the veztebraa, whkk haw been fluppoaed exdony^jr to 
form them by thdr imufual ex^imsioio^ the medtfia oiijes, «1 to «U, hare been oallfid 
*< neural plates," aad thi9 medio-lateral pieces,^ 1 to^^S, " eost^ pUtei ;" but the 
external lateral piecei^ m 1 to i» 12, hare retained the nam^ of ^^ issarginai pjntea." The 
first or anterior of the median plates (cA, " nuchal plate") u remarkable lor its great 
breadth m the torUms, aad utually sends down a ridge from th« saiddle line of its under 
surface, which artieulatea more or less directly with the summit of the neural arch of 
the first dorsal vertebra ; the aeoond neural plate is mueh narrower, and is connate 
with the suBuoit of the Bfiural spine? of the second dorsal yertebra : the seven succeed- 
ing neural plates hare tba same relations with the succeeding neur&l spines : the rest 
are independfifit derEsal honea. The costal plates of the carapace arc superadditions to 
eight pairs of tho pleurapophyses or vertebral portions of the second to the nin^ ribs 
incluflive. Tha slender or proper portions of these ribs project freely for some distance 
beyond the eomtate dermal portions, along the imdcr surface of which the rib may bo 
ti»eed, of its ordinary breadth to near the head, which liberates itself &om the costal 
plate to articiiilata to the mterspace of t3ie two contiguous vcrtebros, to the posterior of 
whieh such rib properly belongs. 

The pSastron, or fiioor of the bony house, consists in the genus CJielone^ as in the 
rest of the ozdeE, of nine pie«6B,-^ne me^an and aymxnetrical, and the rest in pairs. 
With regsffd to thd homology of these 

bones, three explanatioiia may be given : ^^?* ^^* 

one ia eoofermity with tiie atructare of 
the IJiorado-abdominal cage in the eroco- 
dile ; the other based upon the analogy 
^of that part in the bird ; aad the third 
agreesMy with the phenom«Ba of 4e* 
velopme&t. Aeeordisg to the first, the 
mfidiaa piece of the plastron, called 
" ento-stemaj," S, answeass to the stcamum 
of the crocodile, or " stennim proper," 
and the icmr pain of plastron-pieoea, e$^ 
/«, p9y xsj answOT to the "hcMnapoj^y- 
sea" fonuAg the so-called sternal and 
aMomjskal ribs of the crocodile. Most 
comporaiiive anatomists have, howev^, 
adi^ted the views of Geo&x>y St. Hilaire, 
who was guided in his determination of 
the pieces of the plastron by the analogy 
of the sSseletan of the bird ; according to 
which all the parts of the plastron are re- 
ferred to a com^3E: and greatly developed 
sternum, and &e margimU plates are viewed $9 sternal ribs (hsemapophyaes). The 
thi»l ground of determination refers the parts of the plafitron, lilte those of the carapaee, 
to a combination of parts of the endoskcleton with those of the exoskeletoiL 

In Fig. 21, the marginal plates, ml to m 12, are twenty-four in number, or twenty- • 
six if the first (nuchal, eh) and last (pygal, py) vertebral plates be included. Omitting: 
these in the enumeration, three marginal pieces intervene on each aide at the angLea* 
between the fiiTBt median plate and the point of the first costal plate formed by the end of 
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the second donal rib, which point enters a depression in the fourth mazginal pleoey m 4; 
the fifUi, sLzih, serenth, eighth, ninth, and tenth marginal plates are similariy articu- 
lated by gomphods to the six succeeding ribs; the eleventh marginal plate has no 
corresponding rib ; the twelfth is articulated with the point of the ninth dorsal rib sup- 
porting the dghth costal plate. 

The want of concordance with the yertebral ribs, or '* pleurapophyses," arising from 

the increased number of the mar- 
^' ^'' ginal pieces, fayours the idea of 

their being dermal ossifications, 
such peripheral ekments being 
more subject to yegetative diyiaion 
and multiplication than the hama- 
pophyses : the absence of the mar- 
ginal, pieces in the tiionyx giyes 
additional support to the same 
view. The medianpieoe, S, is here 
regarded as a luemal spine : it ia 
called <* entostemum." The paiial 
pieces of tho pUuBtron are tho 
"luemapophyses" connate with 
expanded dermal ossifications, and 
haye receiyed the following special 
names : m, ^' epistemal ; " " hs^ 
"hyostemal;" ps^ " hypostemal ;" x», "xiphisternal." 

In some extinct chelonia the number of these lateral elements of the plastron is 
increased by an intercalated pair which I haye called " mesostemals." In the figure of 
the segment, as modified to form the carapace and plastron (Cut 23), the nature of the 
bones is indicated by the letters according to the explanation giyen of the archetype 
yertebrae (Fig. 5, p. 169), the dermal superadditions being marked »e. 

In the figure of the skeleton of the box-tortoise (Fig. 20) a section of the carapace 
and plastron has been remoyed from the right side to expose the dorsal and sacral 
yertebne, and the disposition of the scapular and peMo arches. The ei^^t cervical 
yertebrae are free, moveable, and ribless ; the fourth of these vertebrsB has a much 
elongated centrum, which is convex at both ends ; the eighth is short and broad, with 
the anterior surface of the body divided into two transversely elongated convexities, 
and the posterior part of the body forming a single convex surface divided into two 
lateral fSeusets ; the under part of the centrum is carinate. The neural arch, which is 
anchylosed to this centrum, is short, broad, obtuse, and overarched by the broad 
expanded nuchal plate, eh. The first dorsal vertebra, d\^\A also short and broad, with 
two short and thick pleurapophyses, articulated by one end to the expanded anterior 
part of the centrum, and united by suture at the other end to the succeeding pair of 
libs. The head of each rib of the second pair is supported upon a strong trihedral neck, 
and articulated to the interspace of the first and second dorsal vertebrse : it is connate, 
at the part corresponding to the tubercle, with the first broad costal plate, which arti- 
culates by suture to the lateral margin of the first neural plate, and to portions of the 
nuchal and third neural plates : the connate rib, which is almost lost in the substance 
of the costal plate, is continued with it to the anterior and outer part of the carapace, 
where it resimies its subcylindrical form, and articulates with the second and third 
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marginal pieces of the carapace. The neural arch of the second dorsal yertebra is 
shifted forwards to the interspace between its own centrum and that of the first dorsal 
vertebra. A similar disposition of the neural arch.and spine and of the ribs prevails in 
the third to the ninth dorsal vertebrae inclusive. The corresponding seven neural plates 
are connate with the spines of those vertebrae, and form the major part of the median 
pieces of the carapace ; the corresponding costal plates, anchylosed to the ribs, form 
the medio-lateral pieces ; the ninth, tenth, and pygal plates, with the marginal plates 
of the carapace, do not coalesce witli any parts of the endo-skeleton. The bony floor 
of the great abdominal box, or "plastron," is formed by the haemapophyses and sternum 
connate with dermal osseous plates, forming, as in the turtle, nine pieces, one median 
and symmetrical, answering to the proper sternum, and eight in pairs c but they are 
more ossified, and the hyo- and hypo-stemals unite suturally with the fourth, fifth, and 
sixth marginal plates, forming the side- walls of the bony chamber. The junction 
between the hyo- and hypo-stemals admits of some yielding movement. The iHac 
bones, 62, abut against the pleurapophyses of the tenth, eleventh, and twelfth vertebrae, 
, counting from the first dorsal vertebra. These three vertebrae form the sacrum : their 
pleurapophyses are unanchylosed, converge, and unite at their distal extremities to form 
the articular surface for the ilium. Beyond these the vertebrae, thirty-five in number, 
are free, with short, straight, and thick pleurapophyses, articulated to the sides of the 
anterior expanded portions of the centrums. They diminJRh to mere tubercles in the 
first caudal vertebra, and disappear in the remainder. The neural arches of the caudal 
vertebrae are flat above, and without spines. The strong columnar scapula, 51, is 
attached by ligament to the first costal plate, and, retaining its primitive rib-like form, 
it descends almost vertically to the shoulder-joint, of which it forms, in common with 
the coracoid, 52, the glenoid cavity. A strong subcylindrical process or continuation of 
the scapula, representing the acromion, bends inwards to meet its feUow at the middle 
line. The coracoid continues distinct from the scapula, expands, and becomes flattened 
at its median extremity, which does not meet its fellow or articulate with the sternum. 
The iUac bones, 62, ore vertical and columnar, Uke the scapida, but are shorter and more 
compressed : they iarticulate, but do not coalesce, with the pubis, 64, and ischium, 63. The 
acetabulum is formed by contiguous parts of all the three bones. The pubis arches inwards, 
and expandsto join its fellow at the median symphisis and the ischium posteriorly. It sends 
outwards and downwards a long thick obtuse process from its anterior margin. The ischia, 
in like manner, expand where they unite together to prolong the symphysis backwards. 
In the skull the parietal crista is continued into the occipital one without being 
extended over the temporal fossae, as in the turtle ; the fascia covering the muscular 
masses in these fossae imdergoing no ossification. The bony hoop for the membrana 
tympani ia incomplete behind, and the columelliform stapes passes through a notch 
instead of a foramen to attain the tympanic membrane. The mastoid is excavated to 
form a tympanic air-ceU. In the Australian long-necked terrapene {hydraapia UmgicoUis) 
the head is much depressed, the mastoids are excavated by lai^e tympanic cells, and 
prolonged backwards : the fit)ntal is produced forwards as far as the anterior nostril, 
where it terminates in a point between the two nasals, which are here distinct from the 
prefrontals. The margins of the upper and lower jaws are trenchant : the hypapophysis 
of the atlas has the form of a diminutive wedge-bone, forming as usual the lower part 
of the articular cup for the occipital condyle : the rest of the body of the atlas, or 
" odontoid," has coalesced with its proper neural arch, which developes two transverse 
and two long posterior oblique processes, as in the chelys. 
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In the true or land tortoises the temporal depressions are exposed, as in the box- 
tortoises and fresh-water terrapenes : the head is proportionally small, and can bo irith- 
-drawn beneath the protectiye roof of the carapace. The skull is rounder and less 
depressed than in the terrapcnes : the firontals enter into the formation of the orbital 
border. The tympanic hoop is notched behind, but the columelliform stapes passes 
throogh a small foramen. The palatine processes of the moxillaries aie on a plane 
much below that of the continuation of the basis cranii, formed by the vomer and 
palatines. In most of the chelonia the nasal bone is connate with the prc&ontal ; and, 
in all, the tympanic pedicle is firmly wedged between the broad appendage of the max- 
illary arch, formed by the malar, 26, and squamosal, 27, in &ont, and the mastoid, 8, 
behind. The broad-headed terrapene {jpodocnemya expansa) differs from other fresh- water 
tortoises, and approaches the marine tortoises (turtles), by the vaulted bony loof arching 
over the temporal depressions. This roof is chiefly formed by the parietals, but differs 
from that in the turtles in being completed laterally by a larger proportion of the 
squamosal than of the postfrontal, which does not exceed its relative size in other ter- 
rapenes. The present species further differs from the marine turtles in the non- 
ossification of the vomer and the consequent absence of a septum in the posterior 
nostrils i in the greater breadth of the pterygoids, which send out a compressed rounded 
process into the temporal depressions : the orbits also are much smaller, and are bounded 
behind by orbital processes of the postfrontal and malar bones: ihe mastoids and 
paroocipitala are more produced backwards, and the entire skuU is more depzcsscd than 
in the turtlefiu 

The ordinary position of the scapular extremity is a state of extreme pronation, as 
ahown in Fig. 20, with the olecranon, or top of 54, thro^^-n. forwards and outwards, 
and the radial side of the hand, or thumb, f^ directed to the ground. The humerus, 53, 
is strongly bent in a sigmoid form, wifh the anconal surface convex and directed 
upwards and outwards : the two tuberosities at the proximal end are much developed 
and bent towards the judmar aspect, bounding a deep and wide gi^oove : that which 
4Uiswers to the external tuberosity is the smallest, and by the rotation of the humerus 
it becomes the most internal in position. The proximal row of the carpus consists of 
four bones — ^viz., a large scaphoddes, a small lunare, wedged into the interspace of the 
radius and ulna, a large cuneiforme, and a small pisiformc. The second row consists 
of five distinct bones, corresponding with the five digits ; those supporting the fourth 
^and fifth answering to the os unciforme, the remaining three to the trapezium, trape- 
zoides, and magnum. The first and fifth of the digits have each one metecarpal and 
two phalanges ; the rest, *'», m, tV, have each a metacarpal and three phalanges. A 
sceamoid bone is placed beneath tiie metacarpo-phalangcal joint of the three middle digits. 
In the pelvic extremity, the femur, 65, is sigmoidally bent, but in a less degree 
than the humeros, and is a shorter bone. The patella is ligamentous : the synovial 
joint between it and the femur is distinct from the proper capsule of the knee-joint ; 
the fibula, 66, is longer and more slender than the tibia, 66 ; a small " fabella" is 
artieulated to its upper end. The proximal row of the tarsus consists of two bones, 
asti'agalas and calcaneum, which sometimes become confiuent. The distal row consists 
of five bones, four of which support the four normal toes, and the fifth, a rudiment of 
the fifth toe without a claw : the fourth and fifth of the second row of tarsals answer 
to the OS cuboides of higher animals ; the other three bones tQ the three ossa cuneiformia. 
The astragalar part of the single proximal bone would seem to include the scaphoid as 
well as the calcaneum. 
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In the marine chelonia the digits of both limbs are elongated, flattened, and united 
by a web ; the hands and feet having the form of fins. 

In all the cheloma the long bones of the limbs are eoHd, without medullary 
cavities. 

The Skeleton of Buds.— From the massive frame of the cold-blooded, heav}', 
and proverbially slow tortoise, to the light, hot-blooded, flying bird, the transition 
seems to be abrupt, and the discrepancy between creatures so differently endowed 
extreme ; nevertheless, at the confines of the feathered class, we find some aquatic species, 
* such as the penguin, incapable of flight, having the wings modified to act as fins, and 
much resembling those of the turtle ; with the bones solid, and the feathers r stmbling 
scales. All birds, libe tortaiBes, lay eggs, are devoid of teeth, and have their jaws 
sheathed with horn, and fbrming a bill or beak. Most birds, however, enjoy the faculty 
of flight. 

If the student of comparative osteology will procure the slcull of a rook, a hawk, a 
swan, oar a sea-gull, and vertically bisect it, he wHl have a ready instance illustrative 
of some of the characteristics of the osteology of the feathered class. Such a section 
wiU show the ivory-like whiteness and compactness of the osseous tissue, and the loose 
opeaa cancellous structure of the bones. He will see tliat air is admitted into these can- 
celli partly from the nasal passages, and partly from the tympanic cavity which receives 
it from, the eustachian tube ; from the latter source, the proper bones of the cranium 
receive their air. Some of the characteriBtic feaWes in the composition of the skull of 
birds may alio be noticed : as, for example, the obliteration of all the ordinary sutures 
of the cranium, except those which unite the tympanic bone, 28, to the mastoid, 8 ; 
and that which, unites tiie pterygoid, 23, to the baaisphen<»d, 5 ; which sutures ai-e 
speedily obliterated in the himum suliject. The premaxiUary is confluent with the nasal 
and with the maxillary ; the nasal being confluent with the frontal and the maxillary 
with the jugal. The jugal and squamosal are also confluent, and form a long zygo- 
matic style in all birds, connected at the hinder extremity by a moveable glenoid joint 
to the outer and lower part of the tympanic. The pterygoid articulates, in like manner, 
with the inner and lower part of the tympanic, the movements of which are thus 
com&i',micatcd to the upper mandible, so far as the junction of the nasal with the 
frontal adjnits of such independent motion. The upper jaw, or mandible, which 
includes the vomer and nasals with the maxillary arch and appendages, is moveable 
in a bird through the junction of the nasals and nasal branch of the premaxiUary 
with the frontal, by means of a moveable articulation, or by elastic plates. 

If the student wiU next separate one of the vertebrae of the trunk from the rest, and 
cut out that portion of the long and broad breast-bone to which its pair of ribs arc 
attached, he will have a segment of the skeleton, ajiswering to that figured in Fig. 5, 
p. 169. 

The cut surfaces will demonstrate the light cellulosity of tile divided bones. The 
following letters indicate the elements of such modified vertebr© of the thorax : y, cen- 
trum, with its hypapophysis ; p, parapophysis ; d^ diapophysis ; «, neural arch and 
rudimental spine ; pi, pleurapophysis ; h, hjemapophysis ; ks^ haemal spino. The ten- 
dency of individual elements and bones to coalesce in birds has already been illustrated 
in the cranium ; it is shown, in most birds of flight, not only by the confluence of the 
centrum with the neural arch, but by that of several consecutive centrums and archts 
into a single bone, in the ample chest. In Uko manner the haemal spines, M'hich co:i- 
tinue distinct in many vertebrata, have here coalesced into a single bone, which articu- 
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lates on each side with the hsemapophyses of seyeral yertobrss. 

£Lrc n}so much doy eloped in braadth, undaoud 

down, iiom the miildle of their under feUr- 

fEieCj a longitudinal croat or kccL This 

modiEtiiition rclatts to the cstonaion of the 

surfaco for the crigiu of the great muBcleB 

of flight, and rendetii the '^stomuni)" ae the 

coaleac(^d Bancs of IwKmal Bpines i^ called, 

one of tte most cha^iictcrisde paria of tho 

skeleton of the bird. Ossification extends 

from the nGuml arches into the t^domt of 

tho ycrtcbral muscles, and such bone-ten- 

donsp both here and in other parta of ike 

bodjj aa tho lega^ are also characteristic of 

birdsn The scapula ( Fig. 2 4) , 5 1 , is 1 oug and 

slender, as in the ch^lonia, but iu more 

coQipreascd and eabre -shaped* The coracoid, 

62j as a general rule, is a distinct bonE^ moyo 

ably articulated to the aoapuhi at one end 




Pig. 24.— gKBLn-ox OF the swan {C^ffftusferus), 

and to the sternum at the other. Its broad sternal end here articulates by a kind of 
gomphosis with a deep grooye on the fore part of the sternum. The dayide («3.), 58, 
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articulates vittL the ccfnooH above, bnt is conflueiit with its feUow and with the keel 
of the stemum below. The iHac bones, 62, are remarkable for their length, and for 
the nnmber of the vertebrsB, or the groat extent of the confluent spinal column, to which 
they are anchylosed. They reach in the swan, and in most other birds, from the tail 
forwards to the vertebrs with moveable ribs. Thus the artiflcial characters of a '^ lumbar 
vertebra" aro wanting. The pubis and JBohiuTn on each side have coalesced with the 
ilium to form the lower boimdary of the widely-perforated acetabulum. The pubis is 
long and slender, joins the ischium of its own side near its lower extremity, but does 
not join its fellow ; thus- the foramen ovale is defined, but there is no symphysis pubis : 
the absence of this symphysis facilitates the expulsion of the large ovum with its 
unyielding calcareous shell. The ischium coalesces posteriorly with the ilium, and 
converts the ischiadic notch into a foramen. The caudal vertebrae, Gdy are few in 
number, with broad transverse processes formed by confluent pleurapophyses, the limits 
of which may still be traced. A hasmapophysis is articulated to the lower interspace, 
between the fourth and fifth caudal, and is anchylosed to the sixth. The humerus of 
some of the larger birds of flight—^. ^., the pelican or adjutant crane — is remarkable for 
its lightness, as compared with its bulk and seeming solidity; it is, in fact, a mere shell 
of compact osseous tissue. The orifice adzpitting air to its large cavity is beneath the 
great tuberosity at the proximal end. 

The keel is excavated, not only for the reception of an air-cell, but likewise for a 
fold of the windpipe, which fold expands with age, and lies horizontally in the sub- 
stance of the back part of the stemum. Small pneumatic foramina are situated at the 
anterior and inner surfSEUie of the bone, and perforate the articular surfaces for the sternal 
ribs. 

In the skeleton of the wild swan {Cygnua f&rw) (Fig. 24), here selected as an illus- 
tration of the ornithic modification of the vertebrate type, there are not fewer than twenty- 
eight vertebrsB, S D, between the skuU and the sacrum, the last six of which, D D, 
sup^rt moveable ribs: of these the first and second pairs are free ; the next four are 
articulated to the stemum by bony hssmapophyses ; the last five pairs of ribs are 
attached to the sacrum and also to the stemum ; but the tenth, or last rib on the left 
side, is very mdimentary, being only about one inch in length. There are eight caudal 
vertebrae, Cd, The trachea or windpipe penetrates the sternum, and bends and winds in 
the interior of the bone before returning to enter the chest. The apex of the furculum, 58, 
bends upwards, and forms a hoop over the windpipe as it enters into tl^e keel of the 
breast-bone. The fiirculiun, sometimes called '^ merrythought," consists of the two 
clavicles confluent at their lower free ends. If a portion of the one side of the stemum 
be removed, the tortuous trachea which it incloses will be exposed. To the great length 
and peculiar course of the windpipe ia this species is to be attributed its remarkably 
loud and harsh voice ; whence the name hooper, or whistling swan, has been derived ; 
and is appUed in contradistinction to the domestic or mute swan, in which, as m most 
other birds, the trachea proceeds at once to the lungs, without entering the stemum. 
In the female of the wild species, the course of the trachea is much more limited than 
in the male, seldom penetrating the stemiun to a greater extent than £h>m three to four 
inches. 

The breadth of the sternum, and the strong ridge or keel that descends from the 
mid-line of its under surface, relate to the increased extent of sur&ce required for the 
attachment of the " pectoral" muscles, which are the active organs of flight. In the 
land^Urda devoid of the power of flight, such as the ostrich and apteryx, the keel is 
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vnnting and the stemnm is short. Its Tarious proportioiiBy pEOcessee, notofaea, and per- 
forations render it a very characteiistio bone in birds. 

In no order, founded upon modifications of the feet, is the stemmn more diTersifled 
in character than in the palmipedes or web-footed order; for in none are the powers of 
flight enjoyed in such different degrees, or exercised in such various ways, from the 
frigate-bird down to the penguins, where the power of flight is abrogated, and therudi- 
mental wings used as fins. 

In the goose and duck tribes, as well as l^e swans {anseres, Linn.), the stemnm is 
long and broad, and presents two moderately wide and deep hind notches ; the costal 
processes are usually subquadrate ; the coracoid grooves are continued into one 
another at the median line ; the costal tract forms about half of the lateral margin in 
the ducks and geese, and two-thirds or more in the swans ; the interpectoral ridge 
extends from the prominent part of the coracoid margin backwards, nearly parallel 
to the lateral margin, to the inner side of the lateral grooves ; the back part of ^ 
sternum between the grooves is quadrate, with the angles slightly produced in most; 
there is a short manubrial process below the coracoid groove. The form of the stemum, 
its long keel, and the backward production of the long and slender ribs, give a boat- 
like figure to the trunk of these swimming-birds which is well adapted to their favourite 
medium and mode of locomotion. The bones of the wing or anterior extremity do not 
present that extraordinary development which might be expected from the powers of the 
member of which they form the basis. The great expanse of the wing is gained at the 
expense of the epidermoid system (quills and feathers, like hairs and scales, arc thick- 
ened epiderm), and is not exclusively produced by folds of the skin requiring elongated 
bones to support them, as in the flying-fish, flying-lizards, and bats. The wing-bones 
of birds are, however, both in their forms and modes of articulation^ highly charac- 
teristic of the powers and applications of the muscular apparatus requisite for the due 
actions of flight. The bones of the shoulder consist on each side of a scapula, 51, a 
coracoid, 52, and a clavicle, 68, the clavicles being, as a general rule in birds, cmftucnt 
at their median ends, and so forming a single bone called " furculum" or " os furcatcsium ;" 
this further modification of the haemal arch in birds, repeating that of the pubis and 
lower jaw in some other animals, having occasioned an additional specific term in omi- 
thotomy. The scapula, 61, is a long, narrow, fiat sabre-shaped plate, expanded at the 
humeral end, where it forms externally part of the joint for the arm-bone called 
" glenoid cavity," and extended backwards nearly parallel with the vcrtebna, as £ar as 
the ilium, 62, in the swan, and reaching to the last rib in. the swift ; but it is much 
shorter in the birds incapable of flight. The coracoid is the strongost of the bones of the 
scapxdar arch : it forms the anterior half of the glenoid cavity, extends above this part 
to abut upon the furculum, and is continued downwards below the joint, expanding, to 
be fixed in the transverse groove at the fbie part of the stemum ; it thus forms the 
chief support of the wing, and the main point of resistance during its downwaid 
stroke. In the hawks and other birds of prey, and in the crows and most passerine 
birds, a small bone (os humero-capsulaie) extends between the scapula and coracoid 
along the upper part of the glenoid cavity ; this is absent in the swan and other swim- 
mers, as well as in the gallinaceous and wading birds. The humerus, 63, is usually 
a long and slender bone, but is not always developed in length in proportion to the 
powers of fiight ; for, although it is shortest in the struthious birds and penguins, it is 
also very short, but much thicker and stronger in the swift and humttiag-Wrds. The 
head of the humerus is transversely oblong and convex ; it is further eidarged by two 
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Istend ereata ; of these the superior is the longest, and is bent outwards ; the inferior is 
thickened and inourred, and beneath it is situated the orifice by which the air penetrates 
the cavity of the bone. The articular surface at the opposite or ^^ distal" end is divided 
into two parta, one internal, for the ulna, of a hemispheric form, the other also convex, 
but more elongated and oblique, extending some way upon the anterior surfiice of the 
humeroa. The extremity of a long bone of a limb which is next the trunk is called 
the ^'proximal" one; Hie extremity farthest £x)m the trunk the ^^ distal" one: they 
are not always " upper" and " lower." Tlie ulna, 55, glides upon the inner hemi- 
si^ric tubercle, upon the trochlear canal, and on the back part of the outer convexity. 
A ligament, extending from the outer part of the head of the radius to the outer jmrt of 
the olecranon, above the posterior margin of the outer division of the articular surface 
of the ulna, plays upon the back part of the radial convexity of the humerus, and com- 
pletes the cavity receiving it. The ulna is always stronger than the radius ; but both 
are long, alender, and nearly straight bones, so articulated together as to adxnit of 
scaroely any rotation which adds to the resisting power of the wing in the action of 
flight. The upper part of the ulna, or " olecranon, " is short. In the tendon attached 
to it a separate ossicle is developed in the swift, and two such, bones in the pen- 
guin. The ulna is often impressed by the insertions of tho great quill-feathers of the 
^ving. 

The bones of the hand are very long and narrow, with the exception of the two 
distinct or unanchylosed carpal bones; these are so wedged in between the antibra-- 
chium, 54, 55f and the metacarpus, 57, as to limit the motions of the hand to abduction 
and adduction, or those necessary for folding up and spreading out the wing. The hand 
is thus fixed in a state of pronation ; all power of flexion, extension, and rotation ia 
removed from the wrist joint; so that the wing strikes firmly, and with the full force of 
the depressed muscles, upon the resisting air. The part of the hand numbered 57 in 
Fig. 24 includes the metacarpal bones of the digits answering to the second, third, and 
fourth of the pentadaotyle members, which are confluent at their proximal ends with 
each other, and with the " os magnum," one of the carpal bones, now forming the 
convex base of the middle metacarpal. This metacarpal and that answering to the 
'^ fourth" digit are of equal length, and are also confluent at their distal ends ; but the 
middle or " third" metacarpal is much the strongest. That answering to the " second" 
digit, iij is very short, and like a mere process from the third ; it supports two short pha- 
langes in the swan. The third metacarpal supports three phalanges, ««, the fourth a 
single phalanx, iv. All these are wrapped up in a sheath of integument, and arc 
strongly bound together ; so that the wing loses nothing of its power, whilst so much 
of the typical structure of the member is retained, that every bone can be referred to 
its corresponding bone in the most completely developed hand. 

In ornithology the large quiU-featliers that are attached to the ulnar side of the 
hand are termed ^^ primariae,** or primary feathers; those that are attached to the fore- 
arm aro the " secundarise," or secondaries, and "tectrices," or wing-coverts; those 
which lie over the humerus are called ^' scapulaiise," or scapularies ; and those which 
axe attached to the short outer digit, n, erroneously called the *^ thumb," are the 
** spurisQ," or bastard feathers. The bones of the leg do not present the same number 
of segments as those of the wing, that corresponding with the carpus being wholly 
blended with the one that succeeds. 

The pelvic bones offer this contrast with those of the shoulder, that they are alwap 
anchylosed on either side into one piece, ^^ os innominatam" and not dit the median 
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line, whilst this is the only place where the elements of the scapular apparatus are 
united by bone. In the young bird the os innominatum is composed of three bones. 
The Hium, 62, is flattened, elongated, usually anchylosed to a very long sacrum : it 
forms the upper half of the joint for the thigh-bone, called " cotyloid cayity." The } 
pubis, 64, is ycry long and slender : it does not meet its fellow at the middle line in any I 
bird save the ostrich, but is directed backwards, with its free extremity' bent down- 
wards. The pelvis of the ostrich is so vast, that the pubic junction completing it does 
not impede the exit of the egg ; in other birds the open pelvis facilitates ike passage of 
that large and brittle generative product. The ischium, 63, is a simple elongated bone, 
extending from the cotyloid cavity backwards, parallel with the ilium ; it sometimes 
coalesces, as in the swan, with both the ilium and pubis at its distal end. ! 

The cotyloid caVity is incomplete behind, and is closed there by ligament. The 
femur, 65, is a short, cylindrical, almost straight bone ; the head is a small hemisphere, 
presenting at its upper part a depression for the " round ligament." The single laige 
" trochanter" generally rises above the articular eminence, and is continuous with the 1 
outer side of the shaft. The orifice fbr the admission of air is situated in the depres- , 
sion between the trochanter and head. The distal end presents two condyles, the imier 
one for the inner condyloid cavity of the tibia ; the outer one for the outer cavity of j 
the tibia and for the fibula ; the outer condyle is produced into a semicircular ridge, 
which passes between the tibia and fibula : this ridge puts the outer elastic ligament on , 
the stretch, when the fibula is passing over the condyle, and the fibula is pulled into a 
groove at the back of the condyle, with a jerk, when in extreme flexion ; this spring- ' 
joint is well exemplified in both the swan and water-hen. ; 

The proximal end of the tibia is divided into the two shallow condyloid cavities i 
above noticed: two ridges are extended from its upper and anterior surface: the ' 
strongest of these is the " procnemial" ridge, and is slightiy bent outwards : the shorter i 
one on the outside of this is the " ectocnemial" ridge ; they are usually united above j 
by a transverse ridge, called " epicnemial" ridge ; this is developed into a long 
process in the divers, grebes, and guillemots : a fibular ridge projects slightiy from the 
upper third of the tibia for junction with the fibula. The distal end of the tibia forms 
a transverse pulley or trochlea, with the anterior borders produced. Above the forepart 
of the trochlea is a deep depression, and in many birds an osseous bridge extends 
across it. 

The third segment of the leg, 69, is a compound bone, consisting originally of one 
proximal piece, short and broad, presenting two articidar concavities to the two thick 
and round borders of the tibial trochlea, of three metatarsals which coalesce with each 
other and with the above tarsal piece, and of one or more bony processes which are 
ossified from the back part of the proximal piece, or from the proximal ends of the 
metatarsals, and which, from their relations to the extensor tendons, are called *^ cal- 
caneal" processes. In most birds a small rudimental metatarsal, supporting the inner- 
most toe or ^* hallux," t, is articulated by ligament with the innermost of the coalesced 
metatarsals, and is properly included in tiie same segment of the limb. The three 
principal metatarsals are interlocked together before they become anchylosed, the 
middle one being wedged into the b^ck part of the interspace of the two lateral ones 
above, and into the fore part "below, passing obliquely between them. The period at 
which these several constituents of the '^ tarso-metatarse" coalesce is shorter in the 
birds that can fly than in those that cannot ; and the extent of the coalesoeiice is lea«t 
in the penguins, in which the true nature of the compound bone is beat seen. 
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The modifiMiiums of the tano-metatarse are chiefly manifested in its rolatiTe length 
and thickness, in the Telatire length of the three metatarsals, and in the number and 
complexity of the calcaneal processes. 

The inner of the two cavities for the condyles at the proximal end of the bone is the 
«entocondyloid'' cavity or surface, the outer one the ** eotooondyloid" surface; they 
are separated by an " interooMyloid" tract, from the fbre part of which there usually 
rises an interoondyloid tuberosity. The entocondyloid cayity is usually the largest and 
deepest : it is so in the raTcn, in which the base of the intercondyloid tubercle extends 
OTer the whole of the intercondyloid space. There are three calcaneal processes : one, 
called the " entocalcaneal," projects from below the entocondyloid cayity, and from 
the back part of the upper end of the entometatarse ; a second, called &e "meso- 
calcaneal," from the intercondyloid tract and the mesometatarse, and the third called 
'' ectocalcaneal," from behind the ectocondyloid cavity and the ectometateise. These 
three processes are united together by two transverse plates circumscribing four canals, 
two smaller canals being further carried between the onto- andmeso-calcaneal processes. 
The primitive interosseous spaces are indicated by two small fbramina at the upper and 
back part of the shaft, which converge as they pass forward, and terminate by a single 
foramen at the fotirth part of the anterior concavity. A similar minute canal is retained 
between the outer and middle metatarsals, near their distal ends ; each metatarsal then 
becomes distinct, and developes a convex condyle for the proximal phalanx. The middle 
one is the largest, and extends a little lower than the other two ; it is also impressed by 
a median groove ; the more compressed lateral condyles are simply convex, and are of 
equal length. A rough surfece, a little way above the inner condyle, indicates the place 
of attachment of the small metatarsal of ^e hallux. 

In the swan and other anserine birds the calcaneal prominence presents four longi- 
tudinal ridges, divided by three open grooves, the innermost ridge being the largest; 
the shaft is subquadrate, with the angles rounded, and none of the sur&ces are chan- 
nelled. The inner condyle scarcely extends before the base of the middle one ; the 
canal perforating the outer intercondyloid space is bounded below by two small bars 
passing from the middle to the outer condyle, and which bars define the groove for the 
adductor muscle of the outer toe. 

The tarso-metatarse of the diver {edymbtts) is remarkably modified by its extreme 
lateral compression. The ento- and ecto-calcanea are prominent, oblong, subquadrate 
plates, inclining towards each other, but not quite circumscribing a wide intermediate 
space. The broad outer and inner surfieu^es of the shaft are nearly flat ; the nairow 
fore and back surfoces are channelled ; the anterior groove leads to the wide canal, per- 
forating obliquely the shaft above the outer intercondyloid space, from which a narrower 
canal conducts to that interspace. The middle and outer trochlese are nearly equally 
developed ; the inner one stops short at the base of the middle one. 

The number of toes varies in different birds ; if the spur of the cock be regarded as 
a rudimental toe (which is not, however, my view of it), it may be held to have five 
toes, while in the ostrich the toes are reduced to two. Birds, moreover, are the only 
dass of animals in which the toes, whatever be their number or relative size, always 
differ from one another in the number of their joints or phalanges, yet at the same time 
present a constancy m that variation. 

The innermost or back toe, ♦ (Fig. 24), answering, as I bdieve, to the "hallux," or 
innermost digit of the pentadactyle foot, has two phalanges ; the second toe, tt, hasthrcC) 
the third toe, n^ four, and the fourth toe, tr, five phalanges ; I believe the too answer- 
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ing to the fiflih in lizards and other pentadactyle ftniTnala to be wanting in the bird 5 
foot) and the spur, sometinies single, sometimes double, as in F<voo biealcaratua, to be a 
superadded weapon to the metatarse. As the toes in the tridaotyle emeu, cassowacy, 
and bustard, have respectively three phalanges, four plialangeti, and five phalanges, w 
recognise them as answering to the second, third, and fourth in other birds ; the Um 
in the didactyle ostrich haye respectiyely four and five phalanges, and what is hen 
truly suggestiye, the outermost, which is much the smallest and shortest toe, has thr 
greater number of joints, yiz., fiye, thus retaining its ornithic type, as the fourth, or 
outermost, toe. 

The entire form of the body, and consequently that of its bony framework, in a 
bird, has special reference to the power of flight. The trnnk^ is an oval with the large 
end forwards. The vertebral column of this part is short and almost inflexible, so that 
the muscles act to great advantage ; the spine of the neck being long and flexible, the 
centre of gravity is xeadjly changed from above the feet — as when standing or walJong 
—to between and beneath the wings during flight ; when suspended in the air the 
bird's body naturally foils into that position, which throws the centre of gravity beneath 
the wings. The axis of motion being situated in a different place in the line of the 
body when walking from that which is used when flying, the discrepancy requires to be 
compensated by some means in all birds, in order to enable them to perform flight with 
ease. Eaptorial birds take a horizontal position when suspended in the air, and the 
compensating power consists in their taking a more or less erect position when at rest 
Another class, including the woodpeckers, wagtails, &c., take an oblique position in the 
air ; with these the compensating power consists in their cleaving and passing through 
the air at an angle coincident with the position of the body, and performing flight by a 
series of curves or saltations. Natatorial birds sometimes need very extended flight ; 
they take a very oblique position in the air, stretch out their legs behind and their 
neck in £*ont ; they have the ribs greatiy lengthened, the integ^uments of the abdomen 
are long and flexible, which enables them greatiy to enlarge the abdominal portion of 
their bodies by infla;ting it with air ; this causes a decrease in the speciflc gravity of 
that part, and raises it to a horizontal position ; the compensating power consists in the 
posterior half of the body becoming specifically lighter, while the speciflc gravity of 
the anterior half remains unaltered. When they alight they drop the legs, throw back 
the trunk by bending the knee-joint, and bring the head over the trunk by a graceful 
sigmoid curve of the long neck, as in Fig. 24. The act of swimming is rendered easy 
by the speciflc gravity of the body, hy the boat-like shape of the trunk, and by the 
conversion of the hinder extremities into oars, in consequence of the membranes uniting 
the toes together. The efiect of these web-feet in water is further assisted by the toes 
having their membranes lying dose together when carried forwards ; whilst, on the 
';ontrary, they are expanded in striking backwards. The oar-like action of the legs 
is still further favoured by their backward position, — an arrangement, however, which is 
unfavourable for walking. 

Borelli was the first who, by comparison of the anatomical peculiarities of the 
human frame and the structure of birds, demonstrated, to a certain extent, the impossi- 
bility of the realization of the cherished project of fiying by man. He arrived at this 
condusion &om a comparison of the form and strength of ihe musdes of the wings of 
birds with the corresponding musdes of the himian body. 

Pzincipal Fomis of the Skeleton in the Class ugamw^fcHfi , — ^Xn the dass 
Mammalia, which includes the hairy quadrupeds with the naked apodal whales and 
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biped man, the form of the animal is modified for a great diversity of kinds and spheres 
of locomotion. Some live exdusiyely in the ocean, and deaye the liquid element imder 
the form and with the locomotive powers of fishes ; some frequent the fresh waters ; 
some pass a subterraneous eaistence, an\i work their way through the solid earth; 
some moimt aloft to seek and seize their prey in the air ; some pass their lives in 
trees ; most, however, dwell on the earth, with various powers of walking, running, 
and leaping. Lastly, man is modified to sustain his frame erect on the hinder, now 
become in him the lower, limbs. 

In the Mammalian class, accordingly, we find the limbs progressively endowed with 
more varied and complicated powers. They retain in the (Maeea (whale and porpoise 
tribe) their primitive form of flattened fins ; in the Vngtdata (hoofed beasts) one or 
more of the digits acquire the fiill complement of joints, but have the extremity enve- 
loped in a dense hoof; in the Vhguiculata (quadrupeds with claws) the limbs, with 
ampler proportions, have the digits liberated, and armed with claws confined to the 
upper surface, leaving the under surface of the toes free for the exercise of touch ; in 
the mole the hand is shortened, thickened, expanded, and converted into a sort of 
spade ; in the bat the fingers are lengthened, attenuated, and made outstretchers and 
supporters of a pair of wings ; in the Quadrumana (ape and monkey tribes) certain 
digits are endowed with special of&ces, and by a particular position enabled to oppose 
the others, so as to seize, retain, and grasp. Lastly, in Man the offices of support and 
locomotion are assigned to a single pair of -members ; the anterior, and now the upper, 
limbs being left free to execute the various purposes of the will, and terminated by a 
hand, which, in the matchless harmony and adjustment of its organization, is made the 
suitable instrument of a rational being. 

In contemplating and comparing the skeletons of a series of mammals, the most 
striking modifications are observable in the structure and proportions of the limbs. 

There are a few osteological characters in which all mammalia agree, and by which 
they differ from the lower vertebrata ; and some have been supposed to be peculiar to 
them that are not so. The pair of occipital condyles, e. g.y developed from the 
exoccipitals, are a repetition of what we saw in the batrachia. The flat surfaces of the 
bodies of the trunk- vertebwe were a character of many extinct reptiles ; but these 
surfaces in mammals are developed on separate epiphysial plates, which coalesce in 
the course of growth with the rest of the centrum. Moveable ribs, projecting freely 
(pleiurapophyses) in the cervical region, may be found in a few exceptional cases (sloths, 
monotremes) ; bony sternal ribs (hsemapophyses) exist in most Edentata ; a coracoid 
extending, as in birds and lizards, from the scapula to the sternum, with an " epicora- 
coid," as in lizards, is present in the monotremes (platypus or duck-mole, and echidna 
or spiny ant-eater, of Australia) ; the cotyloid cavity may be perforated in the same low 
mammals as in birds ; the digits may have the phalanges in varying number in the 
same hand, and exceeding three in the same finger, e. g., in the whale tribe. But the 
following osteological characters are both common and peculiar to the mammalia. The 
squamosal, 27* or second bone of the bar continued backwards frx)m the maxillary 
arch, is not only expended as in the chelonia, but develops the articular surface for the 
mandible, and this surface is either concave at some part or is flat ; each half or ramus 
of the mandible is ossified from a single centre, and consists of one piece ; and the 
condyle is either convex or is fiat, never concave. The presphenoid (centrum of the 
parietal vertebra) is developed distinctly from the basisphenoid ; it may become con- 
fluent, but is not connate, therewith. 
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FORK^HOBTBKSD VIEW OF THE SKELETON OF A WHALE 

{Balcenoptera boops)^ showing its relative size to 

HAN. 



One known mammal (the three-toed sloth) has more, and one (the manatee or sea* 
oow) has less than seven yertebrse of the neck. In the rest of the dass these yertehrsB, 
which have the pleurapqphyses short and usually anchylosed, are seyen in number. 
Skeleton in the Cetacea or Whale Tribe.— In the skeleton of the whale 

(Fig. 26), which to outward appear- 
Fig- 25. HQPg seems to have as little neck as a 

fish, there are as many cervical ver- 
tebrae as in the long-necked giraffe : 
this is a very striking instance of 
adherence to type within the limits of 
a class : the adaptation to form and 
fonction is effected by a change of 
proportion in the bones ; the cervical 
vertebrae in the whale are flattened 
from hefore backwards into broad thin 
plates ; in the giraffe (Fig. 30) they 
are produced into long subcylindiical 
bones. In the whales the movements 
of these vertebra upon one another 
are abrogated, and in the grampus 
and porpoise the seven vertebrae are blendedrtogether into a sin^e bone ; they thus give 
a firm and unyielding support to the large head, which has to overcome the resistance 
of the water when the rapid swimmer is cleaving its course through that element. The 
dorsal vertebrae are characterized in all mammalia by the sudden increase in the length 
and size of the ribs, which, in a certain number of thiese vertebrae^ including the first, are 
joined to a breast-bone by a conmumly cartilaginous, rarely osseous, part. The first rib is 
remarkable -for its great breadth in the whale ; this and a few fbUowing ribs are joined to 
a short and broad and often perfi)rated sternum (Fig. 2d), No. 60 ; the remaining ribs are 
free, or, as they would be called in Human Anatomy, ^* false." They are articulated to the 
ends of diapophyses, which progressively increase in length to the end of the dorsal series. 
Then follow vertebrae without ribs, answering to those called " lumbar." The whole 
hinder part of the trunk of whales being needed to effect the strokes by which they are 
propelled, its v^iiebrae are as free from anchylosis as in fishes ; there is consequently 
no " sacrum," and the caudal vertebrae are counted from the first of those that have 
*^ chevron bones " articulated to their under part. This special name is given to the 
vertebral elements called '^ haemapomophyses" (see Fig. 26, A), which are articulated in 
cetacea as in crocodilia, directly to the under surface of the centrum, and, coalescing at 
iheir opposite ends, developc thence a "haemal spine," and form a "haemal" canal 
analogous to, but not homologous with, that in fishes (compare No. Y, A, with No. I, p, 
in Cut 10, p. 182). The caudal vertebrae of whales further dijQfer from those in fishes 
in retaining the transverse processes, and in becoming flattened from above downwards* 
without coalescing. ^These modifications relate to the support of a caudal fin, which is 
extended horizontally instead of vertically. 

Whales and porpoises progress by bounding movements oi undulations in a vertical 
plane, and their necessity of condng to the surfficc to inhale the air directly, as warm* 
blooded TngTnnmlgj calls for a modification in the form of the main swimming instrument, 
such as may best adapt it to effect an easy and rapid ascent of the head. 

The course of the whale is stopped and modified by the action of the pectoral limb6> 
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▼liioh are the auna parts as those in fishes, hut canstmoted more after tilie higher ver- 
tebrate type. The digital rays do not exceed five in number ; but they consist of many 
flattened phalanges, and are enveloped in a common. sheath of integument. A radius, 
5d, and an ulna, 64 (Fig. 25), support the carpal series ; but, instead of being directly 
articulated to the Heapular arch, they are suspended to a humerus, 53 : this is a shoxt^ 
thick bone, with a rounded head. The scapula, 51, is detached from the occiput, has a 
short, stunted, coraooid anchylosed to it, and is thus freely suspended in the flesh; it 
developes an acromial process : the ulna, 5i, is produced upwards into an olecranon. 
"With all those marks, however, of adhesion to the mammalian type of fore-arm, the out- 
ward aspect of the limb is as simple as is that of the fish's fin ; it moves, as by one joint, 
upon the trunk, and is restricted to the functions of a pectoral fin. 

In the huge skuU of the whale the broad vertical occiput may be noticed, by which 
the head is connected, through the medium of a short consolidated neck, with the trunk; 
the whole cranium seems to have he^aa. oompressed above, from before backwards, so 
that the small nasal bones, 15, articulating with the short and vefy broad frontals, form 
the highest part of the skull. The long maxiUaries, 21, and premazillaries, 22, extend 
backwards and upwards, to artioul^ with the nasals, and complete with them the bony 
entry to the air-passages, situated so favourably at the summit of the cranium. The 
nostrils, formed by the soft parts guarding that entry, are called " blow-holes ;" they 
are double in the whales— single in the smaller cetaoea. In the whales the " baleen" 
or "whalebone" plates arc attached to the palatal surfeuie of the maxillary and pre- 
maxillary bones ; the expanded tooHiless mandible supports an enormous under Hp, 
which covers the whalebone plates when the mouth is shut. The skeleton of the great 
flmier whale {Balanopiera bocps), from which the foreshortened view (Gut 25) is 
taken, was ninety-six feet in length ; the relative dimensions of man is given by the 
outlines of the skeleton at its side. No known extinct animal of any class equalled 
this living Leviathan in bulk. 

There are a few whale-like nuiTnTnftlfl^ equally devoid of rudiments of hinder limbs, 
which obtain their sustenance from sea-weeds or sea-side herbage. They have teeth 

Fig. 26. 



OF THX Drooxo {Solicors Auttralit), 

Adapted fbr braising such substances, and the movements of tide head in grasiiig 
require the cervical vertebrce to be unanchylosed; these are, however, short, and in 
the manatee but six in number. In the dugong (Fig. 26), one of these herbivoroua 
Beapmammals frequenting the Malayan and Australian shores, the upper and lower 
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jaws are singfalarly bent down, and the upper jaw is armed with a pair of short tusks. 
The bones of all tiicse cetacea are singularly massive and compact. Three or four of 
the anterior thoracic ribs are joined to a sternum — ^the rest are iree. One of the yertebrsB 
intervening between the costal and caudal series has connected with it a simple pelvic 
arch, in which the ilium and ischium may be recognised, and a still more rudimental 
condition of such arch is suspended in the inguinal muscles of i^e true cetacea. 
Most of the caudal vertebrsB (Fig. 26), edy of the manatee and dugong, have long 
diapophyses, and hsemal arches (Fig. 26), h. ^ The terminal vertebrse are flattened 
horizontally. 

The lacteal organs of the dugong are placed on the breast, and the pectoral fins, in 
the female at least, are applied to clasp the young ; and the animal so observed, with its 
own head and that of its young above water, has given rise to the fable of the siren 
and mermaid. The bones and joints of the pectoral fin are accordingly better developed 
than in the ordinary whales. The first row of carpal bones, 66\ consists of two— one 
articulated to the radius, 55, the other to the ulna, 54, and fifth digit, 57, v, and both 
to the single bone representing the second row. The first digit, ♦, consists of a short 
metacarpal ; the metacarpals of the others support each three phalanges. 

Skeleton of the Seal. — In the seal tribe (Fhoctdof) another and well-marked stage 
is gained in the development of the terrestrial instruments of locomotion. Hind limbs 
are now added — the marine mammal has become a quadruped. The sphere of life of 
the seals is near the shores ; they often come on land ; they sleep and bring forth among 
the rocks and littoral caves : hence the necessity for a better development of the pectoral 
limbs, although these, like the pelvic ones, still retain the general form of fins. The 
fish-hunting seals make more use of the head in independent movements of sudden 

Fig. 27. 




8KKLBT0M OF THX WALKUS {Trichectta rosmarus). 

extension, retraction and quick turns to the right and left, than do the cetacea of like 
diet ; and the walrus (Fig. 27) works the head, as the place of attachment of its long, 
vertical, down-growing tusks, in various movements required in clambering over floes 
and bergs of ice. Accordingly, in the seal tribe we find the seven neck vertebrae (ib.) e, 
longer, and with more finished and free-playing joints than in the whales and dugongs. 
The sigmoid curve, in which they can be thrown during retraction of the head, exceeds 
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that in most other mammals, and almost reminds one of the extent of flexion of this part 
of the spine in birds. 

In the ■walrus, the skeleton of which is here selected to exemplify the phocal modi- 
fication of the mammalian skeleton, the vertebral formula is : — 7 cervical, C, 11 dorsal, 
D, 5 lumbar, L, 3 sacral, S, and 9 caudal, cd. As, in consequence of the presence of 
bind-limbs, a sacrum is now established, the characters of the above five kinds of body- 
yertebrae, as defined in man and other mammals, may here be given : the cervical or 
neck vertebrae " have perforated transverse processes," the dorsal vertebrae " bear ribs;" 
the lumbar vertebrae " have imperforate transverse processes and no ribs ;" the sacral 
vei'tebrsB " are anchylosed together ;" the rest are caudal vertebras whatever their modi-? 
fications. In the above characters, the term " rib" is given to the vertebral element 
called " pleurapophysis," when this is long and moveable ; that element may ))e, and 
often is, present, but short and fixed, in both cervical, lumbar, sacral, and caudal verte- 
brae ; in some mammals, e.ff,, monotremes, the pleurapophysis may remain unan- 
chylosed in some of the neck- vertebrae, but it is short, like a transverse process ; and the 
so-called ^' perforated transverse process" in all mammals consists of the diapophysis, para- 
pophysis, and pleurapophysis ; the hole being the interval between those parts : in the lum- 
bar vertebrae the pleurapophysis is short, and confluent or connate with the diapophysis. 

Returning to the skeleton of the wakus, we find that nine pairs of ribs directly join 
the sternum, whicli consists of eight bones. The transverse processes of the last cervi- 
cal are imperforate, consisting of the diapophysis only. The neural arches of the 
middle dorsal vertebrae are without spines and very narrow, leaving wide unprotected 
intervals of the neural canal. The bones of the neck are modified to allow of great 
extent and freedom of inflection. The perforated transverse processes of the third to 
the sixth cervicals inclusive are remiaxkable for the distinctness of their constituent 
parts. Inferior ridges and tuberous processes, called ^' hypapophyses," are developed 
from some dorsal and lumbar vertebrae. These processes indicate the great development 
of the anterior vertebral muscles, e,ff, the " longi coUi" and "psoae," and relate to the 
important share which the vertebrae and muscles of the trunk take in the locomotion of 
the seal-tribe, especially when on dry land, where they may be called " gastropods," in 
respect of their peculiar mode of progression. The walrus alone seems to have the 
X>ower of supporting itself on the fore fins, so as to reuse the belly from the ground. 
There is no trace of clavicle in any seal. The upper part of the scapula exceeds the 
lower one in breadth. The spine terminates by a short and simple acromion. The 
humerus is short and thick, and is remarkable for the great development of the inner 
tuberosity and of the deltoid ridge, which is deeply excavated on its outer side. The 
inner condyle is perforated. The scaphoid and lunar bones are connate. Although the 
poUex or the first digit exceeds the third, fourth, and fifth in length, it presents its 
characteristic inferior number of phalanges, by which the front border of the fin is ren- 
dered more resisting. The pelvic arch is remarkable for the stunted development of the 
ilia, and the great length of the ischia and pubes. The femur is equally peculiar for 
its shortness and breadth. The tibia and fibula present the more uuBual proportions, 
and are anchylosed at their proximal ends. The bones of the foot are long, strong, 
and are modified to form the basis of a large and powerful fin : the middle toe is the 
shortest, and the rest increase in length to the margins of the foot ; the inner toe has, 
nevertheless, but two phalanges, the rest having three phalanges, whatever their 
length ; and this is the typical chaiacter, both as to the nxunber of the digits and their 
Joinis, in both fore and hind feet of the mammalia. 



Digitized by 



Google — 



232 



aKELETON OF THE HOftaS. 



.In the living walrus and seal the digits of each extnmiity are not only bound toge^ 
ther by a common broad web of skin, but those of the hind-limbs are closely connected 
with the short tail : being stietched out backwards, they seem to form with it one 
great horizontal caudal fin, and they constitute the chief locomotive organ when the 
animal is swimming rapidly in the open sea. The long bones of seals, like those of 
whales, are solid. 

With regard to the skull in the seal-tribe, it may be remarked that an occipito- 
sphenoidal bone is formed, as in man, by the coalescence of the basioccipital with the 
basisphonoid ; the parts of the dura mater or outer membrane of the brain, called '^ ten- 
torium," with the posterior part of the " falx," are ossified. The sella turcica is shal- 
low, but well defined behind by the overhanging posterior dinoid processes: the 
petrosal shows a deep transverse cerebellar fossa, and is perforated by the carotid canal 
The frontal forms a small rhinenccphalic fossa, and contributes a very large' proportion 
to the formation of the orbital and olfactory chambers. 

In Fig. 27, 62 is the ilium, 63 the ischium, and 64 the pubes, 65 is the femur, or 
thigh-bone, 66 the tibia, 66' the patella or knee-pan, 67 the fibula, 68 the tarsus, and 69 
the metatarsus and phalanges of the hind-foot; the numbers on the other bones 
correspond with these in the skeleton of the dugong. 

Skeletons of Hoofed Quadzupeds— The Hone.— The contrast, as regards 



Fig. 28. 




H0S8K {Bquus eahalhu), 

the sphere of life and kind of movement between the seal and the hone is retf 0Mt; 
the instruments of locomoticm, and indeed the whole frame, need to be very diAnil 
in an animal that can only shuffle on its bell^ along the ground, and one tiial om 
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trayerse tiie snrfiEMje of the earth at the rate of four miles in six raimites and a hal^ as* 
vas achieyed by the noted racer " Flying Childers." The modifications in the foim 
and proportions of the locomotive members are accordingly extreme. The limbs in the' 
horse are as remarkable for their length and slendemess, as in the seal for their brevity' 
and breadth. Both fore and hind limbs in the horse terminate each in a single hoof; 
the trunk is raised high above the ground, and is more remarkable for its depth than 
breadth, especially at the fore part ; the neck is long and arched ; the jaws long and 
slender, being produced so as to facilitate the act of cropping the grass, and leaving so 
much space between tiie front teeth, t, and the grinders, m, as permits man to insert 
the instrument called *^bit" into the mouth, whereby he masters and guides bis noble 
and valuable four-footed ally, as the ship is steered by the helm. 

Were every animal constructed expressly and exclusively for its own peculiar habits 
of life, and irrespective of any common pattern, it coxdd scarcely be expected, beforehand, 
that the same bones would be found in the horse as in the seal ; yet a comparison of their 
skeletons, Cuts 27 and 28, will demonstrate ^bai this is, to a very great degree, the case. 

The vertebral fonnula of the horse is : — 7 cervical, C, 19 dorsal, D, 6 lumbar, L, fi • 
sacral, 6, and 17 caudal. Eight pairs of ribs directly join the stemimi, 60, which con- 
sists of seven bones and an ensiform cartilage. The neural arches of the last five cer- 
vical vertebree expand above into flattened, subquadrate, horizontal plates of bone, with 
a rough tubercle in place of a spine : the zygapophyses, s, are unusually large. The 
perfi»*ated transverse process sends a pleurapophysis, pi, downwards and forwards, and 
a diapophysis, ef, backwards and outwards, in the third to the sixth cervicals inclusive : 
in the seventh the diapopfaysial part alone is developed, and is imperforate. The spinoug 
processes suddenly and considerably increase in length in the first three dorsals, and 
attain their greatest length in the fifth and sixth, after which they gradually shorten to 
the thirteenth, and continue of the same length to the last lumbar. The lumbar diapo- 
physes are long, broad, and in close juxtaposition ; the last presents an articular con- 
cavity adapted to a corresponding convexity on the fore part of the diapophysis of the 
first sacral. The scapula, 51, is long and narrow, and according to its length and obli- 
quity of position the muscles attached to it, which act upon the humerus, operate with 
more vigour, and to this bone the attention of the buyer should be directed, as indica- 
tive of one of the good points in a horse. The coracoid is reduced to a mere confluent 
knob. The spine of the scapula, 51, has no acromion. The humerus, 58, is remarkable 
for the size and strength of the proximal tuberosities in which the scapular muscles are 
implanted. The joint between it and the scapula is not fettered by any bony bar con- 
necting the blade-bone with Hie breast-bone ; in other words, there is no clavicle. The 
ulna, represented by its olecranal extremity, 54, is confluent with the radius, 55. The 
OS magnum in the second series of carpal bones, 56, is remarkable for its great breadth, 
corresponding to the enormous development of the metacarpal bone of the middle toe, 
which fi>rms the chief part of the foot. Splint-shaped rudiments of the metacarpals, 
answering to the second, iiy and fourth, iv, of the pentadactyle foot, are articulated respec- 
tively to the trapezoides and the reduced homologue of the unciforme. The mid-digit, 
ut, consists of the metacarpal, called '^ cannon-bone," and of the three phalanges, which 
have likewise received special names in Veterinary Anatomy, for the same reason as 
other bones have received them in Human Anatomy. " Phalanges" is the ** general" 
term of these bones, as being indicative of the class to which they belong, and ^' hssm- 
apophysas" is the " general" term of parts oi the inferior arches of the head-segments } 
and just as, from the modifications of these hsemapophyses, they have come to be called 
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'^nuudlla," " mandibnla," '< oeratohyal," &c., so the phalanges of the horse's foot aie 
called—the first, '^ great pastern bone/' the second, *^ small pastern bone," and the 
third, which supports the hoo^ the '^ co£Sn bone ;** a sesamoid ossicle between this and 
the second is called the '' coronary." The ilium, 52, is long, oblique, and narrow, like 
its homotype, the scapula ; the ischium, 63, is unusually produced backwards. The 
extreme points of these two bones show the extent to which the bending muscles and 
extending muscles of the leg are attached ; and according to the distance of these points 
from the thigh-bone the angle at which they are therein inserted becomes more 
favourable for their force ; the longer, therefore, and the more horizontal the pelyis, the 
better the hind-quarter of the horse, and its qualities for swiftness and maintenance 
of speed depend much on the '* good point " due to the development of this part of 
the skeleton. The femur, 65, is characterized by a third trochanter springing from l^e 
outer part of the shaft before the great trochanter. There is a splint-shaped rudiment 
of the proximal end of the fibula, 67, but not any rudiment of the distal end. The 
tibia, 66, is the chief bone of the leg. The heel-bone, " calcaneum," is much produced, 
'and forms what is called the ^^ hock." The astragalus is characterized by the depth and 
obliquity of the superior trochlea, and by the extensive and undivided anterior sur&ce, 
which is almost entirely appropriated by the naviculare. The external cuneiforme is 
the largest of the second series of tarsals, being ru proportion to the metatarsal of the 
large middle digit. Hi, which it mainly supports. The diminished cuboides articulates 
partly with this, partly with the rudiment of the metatarsal corresponding with that of 
the fourth toe, iv, A similar rudiment of the metatarsal of the toe, corresponding with 
that of the second, u, articulates with a cuneiforme medium— here, however, the inner- 
most of the second series of tarsal bones. 

Of all the other known existing hoofed quadrupeds, it would hardly be anticipated 

Fig. 29. 




BKELVTON OF THE &HINOCBBOS {Rh. bicomitj, 

that the rhinoceros presented the nearest affinity to the horse ; one might rather look to 
the light camel or dromedary ; but a different modification of the entire skeleton may 
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he triced in the animals with toes in even number, as compared with the horse and 
other odd-toed hoofed quadrupeds. In an extinct kind of horse {Hippopofheritm)f the 
two splint-bones are more developed, and each supports three phalanges, the last being 
provided with a diminutive hoof. In the extinct JPalaotherta the outer and inner digits 
acquired stronger proportions, and the entire foot was shortened. The transition from 
the Pakeotheriaf by the extinct hornless rhinoceros {Acerotherium), to the existing forms 
of rhinoceros, is completed. In the skeleton of the rhinoceros we find resemblances to 
the horse in the number of the dorsal vertebrae, in the third trochanter of the femur, and 
in the number of digits on each foot, albeit the two that are hidden and rudimental in the 
swifter quadruped are here made manifest in their fiill development : the concomitant 
shortening of the whole foot, and strengthening of the entire limbs, accord with the 
greater weight of the body to be supported, clad as it is with a coat-armour of thickened 
tuberculated hide : the broader feet, terminated each by three hoofs, afford a better 
basis of support in the swampy localities affected by the rhinoceros. Both scapuloe and 
iliac bones are of greater breadth, and less length. The ulna is fully developed in the 
fore-limb, and the fibula in the hind-leg ; but there is no power of rotation of the 
fore-limb in any hoofed quadruped. The upper surface of the skull is roughened for 
the attachment of the horn, and in two distinct places where the species has two horns. 
If the equine skull be compared with that of the rhinoceros, the basioccipital will 
be seen to be narrower and more convex. The true mastoid intervenes, as a tuberous 
process, between the post-tympanic and paroccipital processes, clearly indicating the 
true nature of the post-tympanic in the rhinoceros ; the tapir shows an intermediate 
condition of the mastoid between the rhinoceros and horse. The latter differs from 
both the tapir and rhinoceros in the outward production of the sharp roof of the orbit 
and the completion of the bony frame of that cavity behind by the junction of the 
postorbital process with the zygoma. The temporal fossa, so defined, is small in pro- 
portion to the length of the skull : the base of the postorbital process is perforated by a 
superorbital foramen ; the lacrymal canal begins by a single foramen. The premaxil- 
laries extend to the nasals, and shut out the maxillaries from the anterior aperture of 
the nostrils. The chief marks of aflSnity to other odd-toed hoofed beasts {FerissodactyUa) 
are seen in the shape, size, and formation of the posterior aperture of the nostrils, the 
major part of which is bounded by the palatine bones, of which only a small portion 
enters into the formation of the bony palate, which terminates behind opposite the 
interspace between the penultimate and last molars. A narrow groove divides the 
palato-pterygoid process from the socket of the last molar, as in the tapir and rhinoceros. 
The pterygoid process has but little antero-posterior extent : its base is perforated by 
the ectocarotid ctoal. The entopterygoids are thin plates applied like splints over the 
inner side of the squamous suture between the pterygoid processes of the palatines and 
alisphenoids. The postglenoid process in the horse is less developed than in the tapir. 
The eustachiali process is long and styHform. There is an anterior condyloid foramen, 
and a wide " fissura lacei-a." The broad and convex bases of the nasals articulate with 
the frontals a little behind the anterior boundary of the orbits. The space between 
the incisors and molars is of greater extent than in the tapir ; a long diastema is not, 
however, peculiar to the horse ; and, although it allows the application of the bit, that 
application depends rather upon the general nature of the horse, and its consequent 
susceptibility to be broken in, than upon a particular structure which it possesses in 
common witii the ruminants and some other herbivora. 

The tapir and the rock cony have four digits on each fore-foot, and three digits 
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on each hind-foot ; but they resemble more the horse and rhinoceros than any other 
XTngtdata, If the osteological characters of the hoofed aTiinialfl with the hind digits in 
uneyen number be compared together, they will be found to present, notwithstanding 
the differences of form, proportion, and tdze presented by the rhiuoeeros, hyrax, tapir, 
and horse, the following points of agreement, which are the more significatiye of natural 
affinity when contrasted with the skeletons of the hoofed aniTnala with digits in eyen 
number. Thus, in the odd-toed or "perissodactyle" imgulates, the dorso-lumbar yer- 
tcbrsB differ in different species, but are neyer fewer than twenty-two ; the femur has 
Fig. 30. a third trochanter, and the me- 

dullary artery does not penetrate 
the fore part of its shaft. The 
fore part of the astragalus is 
diyided into two yery unequal 
facets. The os magnum and the 
digitus medius which it sup- 
ports is large, in some dispro- 
portionately, and the digit is 
symmetrical; the same applies 
to the ectocunciform and the 
digit it supports in the hind- 
foot. If the species be homed, 
the horn is single ; or if there 
be two, they are placed on the 
median line of the head, one be- 
hind the other, each being thus 
a single or odd horn. There is 
a wdl-deyeloped post-tympanic 
process, which is separated by 
the true mastoid from the par- 
occipital in the horse, but unites 
with the lower part of the par- 
occipital in the tapir, and seems 
to take the place of the mastoid 
in the rhinoceros and hyrax. 
The hinder half, or a larger 
proportion, of the palatines en- 
ters into the formation of the 
posterior narcs, the oblique aper- 
ture of which commences in 
adyance of the last molar, and, 
inmost, of the penultimate one. 
The pterygoid process has a 
broad and thick base, and is 
perforated lengthwise by the 
ectocarotid. The crowns of 
the antepenultbnaiey as well as the penultimate and last premolars, are as complex as 
those of the molars ; that of the last lower milk-molar is bilobed. To these osteological 
and dental characters may be added some important modifications of internal stnictaie. 




OEXiJKTON OF THX GXBAFFX {Camelopordolis giraffa). 



Digitized by 



Google 



SKELETON OF THE GIBAFPE. 



SS"? 



as, e.g.y tho simple form of the stomach, and the capaciotts ftod saccttlated csBOUfiL 
equally indicating the mutual affinities of the odd-toed or perissodactjle hoofed quad- 
rupeds, and their claims to he regarded as a natural group of the tJngulata. Many 
extinct genera, e.g., lophiodon, tapirotherium, palteotherium, hippothcrium, acerotherium, 
macrauchenia, elasmotherium, corjrphodon, have heen discovered, which once linked 
together the now hroken series of Perissodactyla, represented hy the existing gcners 
rhinoceros, hyrax, tapyrus, and equus. 

Another series of hoofed quadrupeds is characterized hy having their hoofs and digitb 
in even numher in hoth fore and hind feet. The majority of these have a pair, so 
developed as to serve as feet, and terminated hy a pair of hoo& so shaped as to look like 
one split hoof, whence the name " cloven-footed " given to this predominant family of 
** artiodactyle,'* or even-toed heasts ; the synonym "ruminant," indicative of the same 
great family, is deduced &om the characteristic complexity of their act of digestion. 

No food is more remote or distinct from flesh than grass. Extremities enveloped in 
hoofs are incapacitated from seizing and retaining a living prey, hence all hoofed mam- 
mals are necessarily herbivorous : hence the complexity of their grinding teeth, the con- 
comitant strength of their grinding muscles, and weakness of the biting muscles; the 
length of the neck, to enable the head to reach the verdant earth, and the length and 
ftlcndemess of the jaws. The absence of a clavicle, and of any power of rotating the 
bones of fore-leg and fore-foot, are also constant characteristics of both great divisions 
of the V'ngvlata or hoofed quadrupeds. 

The ox, the ^hog, and the hippopotamus are examples of even-toed hoofed qua- 
drupeds. In the ox, besides the two large and normally developed hoofs, two small 
supplementary hoofs dangle behind, in each foot ; in the hog these are brought down 
to Hie level of the mid-pair, but are smaller ; in the hippopotamus the four digits and 
hoofs are subequal on each foot. From this type of extremity to that of the giraflfe, or 
damel, where the digits are absolutely restricted to two on eadi foot, there is a close 
series of gradational short-comings affecting the outer and the inner toes, until they 
wholly disappear. The giraffe (Fig. 31), is a ruminant dwelling in climes where herbage 
disappears from the parched soil soon after the rainy season has terminated, and where 
sustenance for a herbivore of its bulk could hardly be afforded, except by trees : it sb 
therefore modified to browse on the tender branches, and chiefly of the light and 
lofby acacias. Its trunk is accordingly short, and raised high upon long and 
slender limbs, especially at the fore part ; a small and delicate head is supported on 
an unusually long neck. The number of vertebrsB here, however, accords with that 
characteristic of the mammalian class, viz., seven. They are peculiar for the length of 
their bodies. There are fourteen dorsal vertebrae with very long spinous processes, and 
supporting long and slender ribs, especially the anterior ones, seven pairs of which join: 
the sternum, which consists of six bones ; the lumbar vertebrae are five in number, the 
sacral four, and the caudal twenty ; this series is temunated in the living animal by a 
tuft of long, wavy, stiff black hair, forming an admirable whisk to drive off insect 
tormentors. The blade-bone, 51, is remarkably long and slender; its spine or ridge 
forms a very low angle, and gradually subsides as it approaches the neck of the scapula; 
the coalesced coracoid is a large tuberosity. The humerus, 53, forms the shortest of 
the three segments of the limb ; it is remarkable for the strength of the proximal pro- 
cesses ; the second segment is chiefly constituted, as in all ruminants, by the radius, 55 \ 
the slender shaft of the ulna, 56, which supports a long olecranon, becomes blended 
wifli the radius, and iQst at its lower third, but its distal end reappears as a distinct 
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part The metacaipals of the retained digits, aiusvering to the third and fourth in the 
human and other fiye-fingered (pentadactyle) hands, are blended together to form a 
single ^* cannon-bone" of the yeteiinarians ; but the nature of this is different &om 
that in the horse ; it divides at its distal end into two well-formed trochleae, or pulley- 
joints, and to these are articulated the digits m and iv, which each consist of three 
joints or phalanges. Thus the main extent of this singularly elongated limb is gained 
by the excessive development of the hand-segment, restricted, however, to those ele- 
ments that answer to the middle and ring-fingers of the human hand. 

The pelvis, of which the sacral, S, iliac, 62, and ischial, 64, elements are shown in 
Cut 31, is small in proportion to the animal's bulk. The femur, 65, is short Kke the 
humerus, and chiefly remarkable for the great expanse of its distal end. The tibia, 66, 
forms the main basis of the leg, as its homotype tlie radius does in the fore-arm, 
but the fibula is more reduced than in the ulna ; rarely in any ruminant is more of it 
visible than its distal end, 67, wedged in between the tibia and the calcaneum. The 
series of tarsal bones, 68, is peculiar in all ruminants for a coalescence of the two bones 
answering to the " scaphoid and cuboid" in the human tarsus. In all ruminants the 
astragalus is unusually symmetrical in shape, with a deep trochlear articular surface 
for the tibia, and two equal convex surfaces for succeeding tarsal bones ; the calcaneum 
is produced into a long " hock." The rest of the bones of the hind-foot conform closely 
with those of the fore-foot. 

A few remarks, although interesting chiefly to the professed anatomist, appear called 
for in reference to the bony structure of the head of the giraffe. 

The exoccipitals form a marked protuberance above the foramen magnum, and below 
a deep fossa, for the implantation of the Hgamentum nuchse — the length of the dorsal 
spines being related, in all ruminants, to a due surface for the attachment of this strong 
elastic support of the head and neck. The parietals are chiefly situated on the upper 
sur&ce of the skuU ; the osseous horn-cores, which are originally distinct, become 
anchylosed in old giraffes, across the coronal suture, equally to the j)arietals and 
fix)ntals : if one of these be divided longitudinally, it will show the extension of the 
fix)ntal and parietal sinuses into its lower fourth, the rest of the horn-core being a 
solid and dense bone. The protuberance upon the frontal and contiguous parts of the 
nasal bones is entirely due to an enlargement of those bones, and not to any distinct 
osseous part : its surface is roughened by vascular impressions. The lacrymal is 
separated from the nasal by a large vacuily intervening between those bones, the 
frontal and the maxillary. The premaxillaries, which are of unusual length, articulate 
with the nasals. The petrotympanic is a separate bone, as in all ruminants. The' 
symphysis of the lower jaw is imusually long and slender in the giraffe. 

In the skeleton of the Camel (Oamelus baetrianus) the vertebral formula is— seven 
cervical, twelve dorsal, seven lumbar, four sacral, eighteen caudal. Seven pairs of ribs 
articulate directly with the sternum, which consists of six bones, the last being greatly 
expanded and protuberant below, where it supports the pectoral callosity in the living 
animal. The cervical region, though less remarkable for its length than in the 
giraffe, is longer than in ordinary ruminants, and is remarkable for its flexuosity ; the 
vertebrae aiiB peculiar for the absence of the perforation for the vertebral artery in the 
transverse process, with the exception of the atlas ; that artery, in the succeeding cer- 
vicals, enters the back part of the neural canal, and perforates obliquely the fore part 
of the base of the neurapophysis. The costal part of the transverse process is large and 
lamelliform in the fourth to the sixth cervical vertebrae inclusive : in the seventh it is 
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a ahcrt piotuberance. The spinous process of the first dorsal suddenly exceeds m 
length that of the last ceiVical, and increases in length to the third dorsal ; fix)m thi^x 
to the twelfth dorsal the summits of the spines are on almost the same horizontal Unc, 
and are expanded and obtuse above, sustaining the substance of the two himips of this 
species ; they afford, however, no other indication of those risings, which are as inde- 
pendent of the osseous system as is the dorsal fin in the grampus or porpoise. The spines 
of the lumbar vertebraD progressively decrease in length. The spine of the scapula is 
produced into a short-pointed acromion : the coracoid tubercle is large, and grooved 
below. The ridge upon the outer condyle of the humerus is mudi less marked than in 
the normal ruminants. The ulna has coalesced more completely with the radius, and 
appears to be represented only by its proximal and distal extremities. The carpal 
bones have the same number and arrangement as in ordinary ruminants, but the pisi- 
forme is proportionally larger. There is no trace of the digits answering to the first 
second, and fiftih in the pentadactyle foot : the metacarpals of those answering to the 
third and fourth have coalesced to near their distal extremities, which diverge more 
than in the ordinary ruminants, giving a greater spread to the foot, which is supported 
by the ordinary three phalanges of each of those digits. The last phalanx deviates 
most from the foi^n of that in the ordinary ruminants by its smaller proportional size, 
rougher surface, and less regular form : it supports, in fact, a modified claw rather than 
a hoof. In the femur the chief deviation from the ordinary ruminant type is seen in 
the position of the orifice of the canal for the medullary artery, which, as in the himian 
skeleton, enters the back part of the middle of the shaft, and inclines obliquely upwards. 
The fibula is represented by the irregularly-shaped ossicle interlocked between the outer 
nde of tiie distal end of the tibia and the calcaneum. The scaphoid is not confluent 
with the cuboid as in the normal ruminant : the rest of the hind-foot deviates in the 
same manner and degree from the ordinary ruminant type, as does the fore-foot. 

The camel tribe have no horns : some small deer of the musk-family are compen- 
sated for the want of horns by very long and sharp upper canine teeth ; the rest of the 
ruminants, either in the male sex or in both sexes, are endowed with the weapons of 
offence and defence, developed fit)m and supported by the head, called " horns" and "an- 
tlers." The term " horn" is technically restricted to the weapon which is composed of 
a bony base, covered by a sheath of true homy matter. Such horns are never shed ; 
and as, in order to diminish the weight of the head, the hom-core is made as hollow 
as is consistent with strength, the ruminant* witii such horns are called hollow- 
homed : the ox, the sheep, and the antelope are examples. Antlers consist of bone 
only. During the period of their growth they are covered by a vascular, short-haired 
skin like velvet ; but when their growth is completed, this skin dries and peels off, 
leaving the antler a solid, naked, and insensible weapon. Being deprived, however, 
of its vascular support it dies, and, after a certain period of service, is undermined by the 
absorbents and cast off. The process of growth and decadence of the antlers is repeated 
each year ; and in the fallow-deer the antlers progressively acquire greater size and more 
branches to the sixth year, when the animal is in its prime. Good evidence has been 
obtained that the same lawof growth, shedding, and anniudrenewalpirivailedia the gigan- 
tic fossil deer of Ireland, in which upwards of eighty pounds of osseous matter must have 
been developed from the frontal bones every year in the full-grown animal. The rumi- 
nants of the deer aod elk tribes are those which have antlers, or are " solid-homed." 
The homs of the giraffe are peculiar ; they are short and simple, are always covered 
by a hairy integument, and are never shed. They relate ia position to both the frontal 
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and parietal bones. In all other ruminants, tiho horns are developed from the frontals 
exclusively, although they sometimes, as in the ox, project from the back part of ti» 
cranium ; but the frontals, in such cases, extend to that part. The horn of the rhino- 
ceros consists wholly of fibrous homy matter. 



Rg. 31. 




SKSLETOX OF THK BIFPOPOTAMVS AXPHIBIVS. 



The even-toed hoofed animals that do not ruminate have no horns. The osteology 
of this division is here illustrated in the hippopotamus (Fig. 31). The skeleton, in its 
strength and massiveness, presents a greater contrast with that of Hie giraffe than the 
rhinoceros's skeleton does with that of the horse ; there are, nevertheless, as will bo 
shown iu the concluding summary, more essential points of resemblance to the giraffe's 
skeleton than to that of the rhinoceros. In points of minor importance, we find the 
hippopotamus resembling the rhinoceros ; as e.^.in. the shortness and strength of its 
neck ; but it has only fifteen dorsal, d, and four lumbar, I, vertebrae. The spines of 
these vertebrae are shorter and less unequal than in the ruminants ; and they have an 
almost uniform direction, as in all quadrupeds that do not move by leaps or bounds. 
The tail is short, and, in the living animal, compressed, acting like a rudder. The bones 
of the limbs are short and thick. In tne scapula, 51, tiie acromion is slightiy produced, 
and the coracoid recurved. The great tuberosity of the humerus, 63, is divided into 
two subequal processes. The ulna and radixis have coalesced at their extremities, and 
at the middle of their shaft, the interosseous space being indicated by a deep groove and 
two holes. In the carpal series of bones, the trapezixmi is present, but does not sup- 
port any digit ; the innermost, answering to the thumb or poUex, therefore, is the one 
which is absent ; of the remaining four digits, the two middle ones, answering to the 
third and fourth, are most developed. Hie femur has no third trochanter. The fibula 
is distinct from the radius, and extends from its proximal end to I3ie calcaneum. The 
entocuneiform bone is present in the tarsus, but there is no rudiment of the innermost 
toe or hallux ; the proportions of the other four toes resemble those on the fore-foot. 

The skull is remarkable for the prominence and high position of the orbits, which 
allow the eye to be projected above the surface of the water, and a survey to be made 
by the suspicious animal without the exposure of any other part of the head. The 
npper jaw is peculiar for the development of the sockets of the great canine teeth, and 
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tiw lower jftw oomlHnea vriik the like oharacter an tumaual production and ouryotore 
of tbe angle. 

With regard to the osteology of the hog tribe, our limits compel ub to restrict our- 
aelTes to the notice of the stiU more six^nlar development of the sockets of the upper 
canines or tusks in the babyroussa, in which those teeth curve upwards and pierce the 
akin of the &ce, , like horns, whence the name '^ homed hog" sometimes imposed 
upon it. 

If tilie hoofed animals with the digits in erven number be compared together, in regard 
to their osteological characters, they will be found, notwithstanding the difference of 
fonn, proportion, and size presented by the hippopotamus, wild boar, vicugna, and chev- 
rotain, to agree in the following points, which are the m(»e si^poificative of natural 
affinity when contrasted with the skeletons of the hoofed animals with digits in imeven 
number. Thus, in the even-toed or " artiodactyle" ungulates, the dorso-lumbar verte- 
farffi are the same in number, as a general rule, in all the species, being nineteen. The 
rare exceptions appear to be due to the development, rarely to the suppression, of an 
accessory vertebra as an individual variety, the number in such cases not exceeding 
twenty or falling below eighteen, and the supernumerary vertebra being most usually 
manifested in the domesticated and highly-fed breeds of the common hog. The recog- 
nition of this important character appears to have been impeded by the variable num- 
ber of moveable ribs in different species of the artiodactylea, the dorsal vertebrso, which 
these ribs characterize, being fifteen in the hippopotamus and twelve in the camel; and 
the value oi this distinction has been exaggerated owing to the common conception of 
tiie ribs as special bones, distinct &om the vertebrae, and their non-recognition as parts 
of a vertebra equivalent to the neurapophyses and other autogenous elements. The 
discovery of the pleurapophyses under the condition of rudimental ribs attached to tho 
ends of the lumbar diapophyses, which afterwards become suturally attached or anchy- 
losed, and the pleurapophysial nature of a part of the so-called perforated transverse 
process of the cervical vertebra, show that the anthropotomical definition of a dorsal 
vertebra, as one that supports ribs, is inapplicable to the mammalia generally, and is 
essentially incorrect. It is convenient, in comparative tables of vertebral formulse, to 
denote the number of those vertebrsB of the trunk in which the pleurapophyses remain 
dee and moveable, constituting the ** ribs" of anthropotomy ; but the differences some- 
times occurring in this respect, in individuals of the same species, have their unim- 
portance manifested when the true nature of a rib is recognised. The vertebral formulas 
of the artiodactyle skeletons show that the difiference in the number of the so-caUed 
dorsal and lumbar vertebrse does uot affect the number of the entire dorso-lumbar series : 
thus the Indian wild boar has d, 13, /, 6, = 19 ; i. e., 13 dorsal, and 6 lumbar, making a 
total of 19 trunk-vertebree ; the domestic hog and the peccari have d, 14, /, 5, =: 19 ; 
the hippopotamus has d, 15, i^ 4, =: 19 ; the gnu and aurochs have d, 14, /, 5, = 19 ; 
the ox and most of the true ruminants have d 13, ^ 6, = 19 ; the camd and lamas have 
d 12, / 7, = 19. These facts illustrate the natural (^aracter and true affinities of the I 
artiodactyle group. They are further shown by the absence of the third trochanter in , 
the femur, and by the place of perforation of the medullary artery at the fore and upper | 
part of the shaft, as in the hippopotamus, the hog, and most of the ruminants. The i 
{we part of the astragalus is divided into two equal or subequal fiioets ; the os magnum 
does not exceed, or ia less than, the uncifoime in size, in.^ carpus ; andthe ectoeunei- ; 
ftnme is less, or not larger, than the cuboid, in the tarsus. The digit answering to the { 
third m the pentadactyle foot is unsymmetrical, and forms, with that answering to the ; 
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Ibuiih, asymmetzicalpair. If the spedes be honied, the honiB finm one pair or two 
pairs ; they are never dereloped singly and symmetzically from the median line. The 
post-tympanic does not project downward distinctly from the mastoid, nor sapersedes 
it in any artiodactyle ; and the paroccipital always exceeds both in length. The bony 
palate extends farther back than in the perissodactyles ; the hinder apertore of the 
nasal passages is more vertical, and commences posterior to the last molar tooth. The 
base of the pterygoid process is not peif orated by the ectocarotid artery. The downs 
of the premolars are smaller and less complex than those of the tme molars, usually 
representing half of such crown. The last milk-molar is trilobed. 

To these osteological and dental characters may be added some important modifica- 
tions of internal structure, as «. ^. the complex form of the stomach in the hippopo- 
tamus, peccari, and ruminants, the comparatively small and simple csecum, and the 
spirally folded colon, which equally indicate the mutual affinities of the even-toed or 
artiodactyle hoofed quadrupeds, and their claims to be regarded as a natoral group of 
the Ungulata. Many extinct genera, e. g. chaeropotamus, anthracotherium,. hyopo- 
tamus, dichodon, merycopotamus, xiphodon, dichobune, anoplotherium, have been dis- 
covered, which once linked together the now broken series of Artiodactyla, represented 
by the ^Tigfing genera hippopotamus, sua, dicotyles, camelus, moschus, camelopardalis, 
cervus, antilope, ovis, and bos. 

As we have now traced both the fore and hind foot to the five-toed or pentadactyle 
structure, with the definite number of joints or phalanges in each toe, characteristic of 
the highest class of vertebrate auiTnalfl, a few remarks will be offered in illustration of' 
the plan of structure which prevails in such extremities, and pf the law that governs 
the departure from the pentadactyle type in. the mammalia. 

The essential nature of the limbs is best illustrated by the fish called protopterus, 
and by some of the lower reptiles that retain gills with lungs. 

If the segment of the skeleton supporting the rudiments of the fore-limbs in the 

protopterus (Fig. 32), be compared with 
the modification of the typical vertebra, ex- 
emplified in Fig. 5, p. 169, it will be seen to 
be constructed on the same type. The haemal 
arch is most expanded, and it is composed 
of a pleurapophysis or vertebral rib, pi, and 
a luemapophysis or sternal rib, A, on each 
side ; the hsemal spine, or sternum, is not 
here developed ; the long, many-jointed ray, 
o, answers to the more simple diverging 
appendage, a, in Fig. 6, 

The segment supporting these append- 
PEOTOPTBECT. ^^^ ^^ £^^ rudimeuts of the fore-limb in 

the fish, is the occipital one, or the last vertebra of the skulL The pleurapophysis of 
this segment is the seat of all those modifications which have earned for it the special 
name of " scapula," 51 ; the haBmapophysis is the seat of those that have led to its being 
called ^i coracoid," 62. 

The corresponding segment of the batrachian 'amphiuma (Fig. 33) yields the next 
important modification of these parts. The scapulae, p% 51, axe detached from the 
oooiputi or neural arch; the coracoids, A, 52, are mucli expanded; three segments 6i 
the diverging appendage, o, are ossified, and two of these segm ents are bifid, showing the 
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Fig. 33. AKPHXVMA. 



begizming of the radiating multiplication of its parts. The first segment is the seat 
of those modifications which haye obtained fi>r it the 
special name of ^' hnmeros/' 53 ; the two diyisions of 
the next segment of the appendage are called "ulna," 
53, and "radius/' 54; the remainder of the limb is 
called "manus,'* or hand; 56 is the gristly carpus, 
and the two bony divisions are the digits or fingers, 57. 
The segment supporting the hind-limbs retains most 
of its typical character in the subterranean reptile called the Proteus ; one sees, e. g,y in 
Fig. 34, that the centrum has coalesced with ^i^, 84. 

the neurapophyses, fj, and neural spine, ns, C 

forming the neural arch firom which the dia- 
pophyses, <?, are developed : the more ex- 
panded haemal arch consists of the pleur. 
apophyses,!?^ and the haemapophyses, h; the 
former is called the "ilium," 62, the latter 
the "ischium," 63 ; and, as the hsemapophy- 
ses of another segment are usually added to protbus. 

the scapular arch, when they receive the name of " clavicles," so also the hBemapo- 
physes of a contiguous segment are usually added to the pelvic arch, when they are 
called " pubic bones." 

The pelvic diverging appendage, a a, has advanced to the same stage of complexity in 
the proteus, as the scapular one in the amphiuma ; the first ossified segment is called 
" femur," 65 ; the divisions of I3ie next segment are respectively termed " tibia," 66, 
and " fibula," 67 ; the first set of short bones in the "pes," or foot, are called "tar- 
sals," 68 ; those of the two toes are called " metatarsals" and " phalanges," 69. 

The tarsal bones, from, the degree of constancy of their forms and relative positions 
Fig. 35. Fig. 86. ^^^ received distinct names. In Fig. 35 of the bones of the 

hind foot in the horse, a marks the " astragalus," el, the 
" calcaneum," or heel-bone, the prominent part of which 
forms the "hock;" a is the " scaphoides," or naviculare, d, 
the " cuboid," ee, " ectocuneiform," and an, the • " meso- 
Flg. 87. Fig. 88. Fig. 89. 
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cuneiform." NoW| t^e ectocuneiform in all mammalia supports the third or middle 
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of the five toes wlien they are all present, the mesocxmeifonn supports tAe secoTid toe^ 
and the cuboides the fourth and fifth. We see, therefore, in the horse, that the very 
large bone articulated to the ectocuneiform. eey is the metatarsal of the third toe, to 
which are articulated the three phalanges of the same toe, ui, the last phalanx being 
expanded to sustain the hoof . The small bone called '^ splint-bone," byyeterinarians, 
articulated to the " mesocuneiform," is the stunted metatarsal of the second toe, n ; 
the outer " splint-bone," articulated to the " cuboides/' is the similarly stunted meta- 
tarsal of ike fourth toe, iv. 

In the foot of the ox (Fig. 36), the cuboides, b, presents a marked increase of size, 
equalling the ectocuneiform, ce^ which is proportionally diminished. The single bone^ 
called ^' cannon-bone," which articulates with both these carpal bones, does not answer 
to the single " cannon-bone" in the horse, but to the metatarsals of both the ^^»r<f and the 
fmtrth digits ; it is accordingly found to consist of those two distinct bones in the fetal 
ruminant, iind there are a few species in which that distinction is retained. Marks of 
the primitive division are always perceptible, especially at its lower end, where there 
are two distinct joints or condyles, for the phalanges of the third, m, and fourth, tV, 
toes. In the horse the rudiments of the two stunted toes were their upper ends or 
metatarsal bones ; in the ox they consist of their lower ends or phalanges ; these form 
• the " spurious hoo&," and are parts of the second, u, and fifth, «, toes (Fig. 36). The 
rhinoceros more closely resembles tiie horse in the bony structure of its hind foot (Fig. 37) ; 
the ectocuneiform is still the largest of the three lowest tarsal bones, although the 
mesocuneiform, em, and the cubcads, d, have gained increased din^flnMnn/if in accordance 
with the completely developed toes which they support ; these toes we therefore recog- 
nise as being answerable to the rudiments of the second, n, and fourth, iv, in the horse, 
the principal toe being stiU the third. Hi, The hippopotamus (Fig. 38) chiefly differs 
firom the ox, as the rhinoceros differs from the horse, viz., by manifesting the tyro toes 
fully developed, which were rudimental in the more simple foot ; the cuboides, b, being 
proportionally extended to support the fifth toe, v, as well as the fourth, w ; the second 
toe, ii, articulates, as usual, with a distinct tarsal bone. In the elephant (Fig. 39), 
where a fidJi digit is added, answering to our first or great toe, I, there is' also a distinct 
carpal bone, called the " entocuneifom!," ci, and the tarsus {nresents, as in other 
pentadactyle mammals, all the bones which are seen in the himian tarsus, viz., the 
astragalus, a, the calcaneum, e, the scaphoides, «, the entocuneiform, ei^ the meso- 
cuneiform, cnij the ectocuneiform, cc, and the cuboides, b. 

The course of the simplification of the pentadactyle foot or hand is first a dimi- 
nution and removal of the innermost digit, t; next of the outermost, v; then of the 
second, «; and lastly of the fourth, iv; the third or middle toe, Hi, being the most 
constant and important of the five toes. The same law or progress of amplification 
prevails in the fore-foot or hand. The thumb is the first to disappear, then the little 
finger, and the middle finger is the most constant, and forms the single-hoofed fore-foot 
of tixe horse. 

The scapula, 51, in the fore-limb repeats or answers to the ilium, 62, in the hind 
limb; the coracoid, 62, to the ischium, 63; the clavicle, 58, to the pubia, 64; the 
humerus, 53, to the femur, 65 ; the radius, 56, to the tibia, 66 ; the ulna, 54, to the 
fibula, 67 ; the carpus, 56, repeats the tarsus, 68 ; and the metacarpus and phalanges of 
the fore-loot repeat the metatarsus and phalanges of the hind foot ; they are technically 
called ^* serial homologues," or " homotypes," and each bone in the carpus can be diown 
to have its homotype in ihe tarsus.— -See << Archetype of the Yertebiate SkeLeton," p. 167. 
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Skeleton tak the Sloth.— The transition from the quadrupeds with hoofs to 
those with daws seems in the present series to be aonipt ; hut it was made gradual 
by a group of animals^ now extinct, which combined hoo& and daws in the same jfoot. 
Some of the outer toes, at least, were stunted and buried in a thick callosity, for the 
oirdinaiy purpose of walking, whilst the other toes were provided with yery long and 
strong claws for uprooting or tearing off the branches of trees. These singular beasts 
were of great bulk, and appear to have been peculiar to America. As restored by anato- 
mical sdence, they have received the names of Megatherium^ Megaknpx, Mylodon, &c. 
They were huge torrestrial sloths ; the present remnants of the family consist of very 
few species enabled by their restricted bulk to climb the trees in quest oi their leafy food, 
and peculiarly organized for arboreal life. The toes, which were modified in their huge 
predecessors, to tread the ground, are reduced to rudiments, or are undevdoped; and 
those only are retained which support the daws, now rendered by their length and 
curvature admirable instruments for dinging to the branches. The whole structure of 
the hind and fore limbs is modified to give full effect to these instruments as movers 
and suspenders of the body in the bosky retreats for which the doths are destined-; 
and, in the same degree, the power of the limbs to support and carry the animal along 
the bare ground is abrogated. Accordingly, when a doth is placed on levd ground, it 
presents the aspect of the most hdpless and crippled of creatures. It is less able to 
raise its trunk above its limbs than the seal, and can only progress by availing itself 
of some inequality in the soil offering a holdfasst to its claws, and enabling it to drag 

Fig. 40. 
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itself along. But to judge of the creative dispensations towards snoh an animal by 
observation of it, or reports of its procedure, under these unnatural drcumstanoee. 
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would be as reasonable as a speculation on the natural powers of a tailor suddenly 
transferred from his shop-board to the rigging of a ship under weigh, or of a thorough- 
bred seaman mounted for the first time on a full-blood horse at Ascot. Bouse the 
prostrate sloth, and let it hook on to the lower bough of a tree, and the comparative 
agility with which it mounts to the topmost branches will surprise the spectator. In 
its native South American woods its agility is still more remarkable, when the trees are 
agitated by a storm. At that time the instinct of the sloth teaches it that the migration 
from tree to tree will be most facilitated. Swinging to and fro, back downwards, as is 
its habitual position, at the end of a branch just strong enough to support the animal, 
it takes advantage of the first branch of the adjoining tree that may be swayed by the 
blast within its reach, and stretching out its fore-limb, it hooks itself on, and at once:; 
transfers itself to what is equivalent to a fresh pasture. The story of the sloth volim- 
tarily dropping to the ground, and crawling under pressure of starvation to another 
tree, is one of the fabulous excrescences of a credulous and gossipping zoology. 

In the sloth, accordingly (Fig. 40), the fore-limbs are much elongated, and that less 
at the expense of the huid than of the arm and fore-arm. The humerus, 53, is of 
unwonted length— is slender and straight ; the radius, 55, and ulna, 54, are of similar 
proportions— tiie former straight, the latter so bent as to leave a wide interosseous 
space. Now, moreover, these bones, instead of being firmly united as one bone, are so 
articulated with each other as to permit a reciprocjd rotatory movement, chiefly per- 
formed, however, by the radius; and since to this bone the carpal segment of the hand 
is mainly articulated, that prehensile member can be turned prone or supine, as in the 
human arm and hand. Six bones are preserved in the carpus of three-toed sloth 
{Bradypua tridaetylm), answering to those called "lunare," "cuneiforme," "unciforme," 
and "pisiforme," also to the "scaphoides and trapezium" united, and to the " trapezoides 
and magnum" united. The scapho-trapezium is characteristic of the sloth-tribe, and is 
found in the extinct as well as existing species. The articulation of the carpus with 
the radius, and with the metacarpus, is sudi as to turn the palm of the long hand inwards, 
and bring its outer edge 1y> the ground. The three fully-developed metacarpals are con- 
fluent at their base, which is also anchylosed to the rudiments of the first and fifth meta- 
carpals ; the proximal phalanges of the digits answering to », »n, and tt;, are confiuent 
with their metacarpals, and those digits appear therefore to have only two joints. The last 
phalanx is remarkably modified for the attachment of the very long and strong claw. 

"With regard to the blade-bone of the sloth, 51, it is much broader in proportion to 
its lengith than in the swift cloven-footed herbivores ; the spinous process is unusually 
short ; the acromion is of moderate length, and unexpanded at its extremity ; the 
supraspinal fossa is the broadest, and has a perforation instead of the usual *' supra- 
spinal" notch. There is a short clavicular bone attached to the acromion, but not 
attaining to the sternum. 

The iliac bones, 62, repeat the modifications of their homotypes the scapulae, and are of 
unusual breadth as compared with those of other quadrupeds ; tiiey soonbecome anchylosed 
to the broad sacrum, S ; the ischia, 63, and pubes, 64, are long and slender, and circum- 
scribe unusually large " thyroid" and " ischial" foramina, the latter being completed by 
the coalescence of the tuberosities of the ischia with the transverse processes of the la^ 
two sacral vertebrae. The head of the femur, 65, has no impression of a ligamentum 
teres. The patella, 66', is ossified ; there is a fabella behind the external condyle. The 
tibia, 66j and fibula, 67, are bent in opposite directions, intercepting a very wide interosse- 
ous space. The anchylosis of their two extremities, which has been found in older speci- 
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mens, haB not taken place here. The inner malleolus projects backwards and supports 
a grooyed process. The outer malleolus projects downwards, and fits like a pivot into 
a socket in the astragalus, turning the sole of the foot inwards — a position like that of 
the hand—best adapted for grasping boughs. The calcanexmi, 68, is remarkably long and 
compressed. The scaphoid, cuboid, and cuneiform bones haye become confluent with 
each other and the metatarsals, of which the first and fifth exist only in rudiment. 
The other three haye likewise coalesced with the proximal phalanges of the toes which 
they support : these toes answer to the second, third, and fourth, in the human foot. 

The short and small head of the sloth is supported on a long and fiexible neck 
presenting the very unusual character in the Mammalian dass of nine yertebrsB, C — ^the 
superadded two, howeyer, appearing to haye been impressed from the dorsal series D by 
their short, pointed, and usually moveable ribs. The head and mouth can be turned 
round every part of a branch in quest of the leafy food by this mechanism of the neck. 
As the trunk is commonly suspended from the limbs with the back downwards, the 
muscles destined for the movements of the back and support of the head are feebly 
developed, and the vertebral processes for their attachment are proportio]WLlly short. 
The spines of the neck- vertebrae are of more equal length than in most TnfmiTnnlg — 
that of the dentata being little larger than the rest : the spines gradually subside in the 
posterior dorsals, and become obsolete in the lumbar vertebrsB. The first pair of fblly- 
developed ribs, marking the beginning of the true " doisal'' series of vertebrsa, are 
anchylosed to the breast-bone, which consists of eight ossicles. In the two-toed sloth, 
however, which has twenty-three dorsal vertebrsB, there are as many as seventeen 
subcubical sternal bones in one long row, with their angles truncated for the terminal 
articulations of the sternal ribs, which are ossified. 

The skull of the, sloth is chiefly remarkable for the size, shape, and connections of 
the malar bone, which is freely suspended by its anterior attachment to the maxillary 
and frontal, and bifiircates behind ; one division extending downwards, outside the 
lower jaw, the other ascending above the fr^e termination of the zygomatic process of 
the squamosal. The premaxillary bone is single and edentulous, being represented only 
by its palatal portion completing the maxiUary arch, but not sending any processes 
upwards to the nasals. 

The skull in the toothless ant-eater chiefly fonns a long, slender, slightly-bent bony 
sheath for its stUl longer and more slender tongue, the main instrument for obtaining 
its insect food. The mouth in the living animal is a small orifice at the end of the 
tubular muzzle, just big enough to let the vermiform tongue glide easily in and out. 
The fore-limbs are remarkable for the great size and strength of the daw developed 
from the middle digit : this is the instrument by which the ant-eater mainly effects 
the breach in the walla of the termite fortresses, which it habitually besieges in order to 
prey upon their inhabitants and constructors. As in the sloths, both fore and hind feet 
have an inclination inwards, whereby the sharp ends of the long daws are prevented from 
being worn by that constant application to the ground which must have resulted from 
the ordinary position of the foot. The trunk-vertebrsB of the ant-eater are chiefly remark- 
able for the number of accessory joints by which they are articulated together. This 
complex structure is also met with in the arma^llos, in which the anterior zygapo- 
physes of the dorsal vertebras send processes— the metapophyses (Fig. 2, p. 16d), 
mytn — ^upwards, outwards, and forwards, which processes, progressively increasing 
in Ihe hinder vertebrsB, attain, in the lumbar region, a length equal to that of 
the spinous processes, i», and have the same relation to them, in the support of tho 
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osseous etuapacey as ihe *• tie-bearers" have to &e *< kii^post" in the arohitocture of 
a roof. 

Skeletonof the Moleir—The' mole is hardly has fitted for the actions of' 
an ordinaxy land-quadruped than the sloth; but the one is as admiraUy con- 
structed, for subterraneous as the other for arboreal lifb. The fore-limbs are as 
remarkably short, broad, and massiye in the mole, as they are long and slender 
in the sloth ; yet the same osseous elements, similarly disposed, occur in the 
skeleton of each. The head of the mole is long and cone-shaped ; its broad 
base joins on the trunk -without any outward appearance of a neck. The fore-part 
of the trunk, to which the principal muscular masses working the fore-limbs aie 

Fig. 41. 




SKELETON OF THE MOLE. 



attached, is the thickest, and thence the body tapers to the hind-quarters, which are 
supported by limbs as slender as they are short. 

The neck-bones, nevertheless, are not wanting ; they even exist in the same number 
as in the giraffe; the vertebral formula of the mole being— 7 cervical, 13 dorsal, 
6 lumbar, 6 sacral, and 10 caudal. The spine of the second vertebra or dentata is large, 
and extended back over the third vertebra : the neural arches of this and the succeeding 
neck-vertebrsB form thin simple arches without spines : the entire vertebrae have been 
described as mere rings of bone ; but the transverse processes of the fourth, fifth, and 
sixth cervicals are produced forwards and backwards, and overlap each other : in the 
seventh vertebra those processes are reduced to tubercular diapophyses which are not 
perforated : the bodies of the vertebrse are depressed and quadrate. The part answering 
to the nuchal ligament in the giraffe is bony in the mole, «. 

The first sternal bone, or manubrium, is of unusual length, being much producea 
forwards, and its under surface downwards in the shape of a deep keel for extending 
the origin of the pectoral muscles. Seven pairs of ribs directly join the sternum, which 
consists of four bones, in addition to the manubrium and an ossified ensiform appen- 
dage. The neural spines, which are almost obsolete in the first eight dorsals, rapidly 
gain length in the rest, and are antroverted in the last two dorsal vertebrse. The 
diapophyses, being developed in the posterior dorsals, determine the nature of the longer 
homologous processes in the lumbar vertebrse. 

The lumbar spines are low, but of considerable antero-posterior extent: the 
diapophyses are bent forward in the last four vertebrro : a small, detached, wedge* 
shaped hypapophysis is fixed into the lower interspace of the bodies of the lumbar 
vertebrae. 
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The flcapolB, 51, is very long and nanov, but thick, and almost three-sided : the 
eommon lib-shape is lesumed in this cranial pleurapophysis, as ire haye seen in the bird 
and tortoise. The daride, on tiie other hand, instead of Hie usual long and slender 
figure, presents the form of a cube, being yery short and broad, artkudated firmly to 
the anteriorly proJlBcting breast-bone, and more loosely with the acromion and head of 
the humerus. 

This bone, 53, would be classified amongst the '*flat " bones. Tt is almost as broad 
as it is long, especially at its proximal end, which presents two articular surfaces— one 
£>r the scapula, the otiier for the dayicle :- the expanse of the bone beyond these surfaces 
relates to the finmaction of an adequate extent of attachmoitfor the deltoid, pectoral, and 
other great burrowmg mnsoles. AH the other bones of the fore-limb are as extremely 
modified for fossorial actions. Thd olecranon escpands transversely at its extremity, and 
the back part of the ulna is produced into a strong ridge of bone. 

The shaft of tiie radius is divided by a wide interosseous space firom the ulna, and 
the head of the radius is produced into a hook-shaped process like a second ^^ olecranon." 
The carpal series consisto of five bones in each row — ^the scaphoid being divided in 
the first, and a sesamoid being added to the second row ; moreover, there is a large 
supplementary sickle-flhaped bone, extending fix)m the radius to the metacarpal of the 
pollez, giving increased breadth and a convex margin to the radial side of the very 
powerful hand, and chiefly completing its adaptetion to the act of rapidly displacing 
the B(m1. The phalanges of the fingers are sbort and very strong : the last are bifid at 
their ends for a firmer attachment of the strong daws. Little more of the hand than 
these daws, and the digging or scraping edge, projects beyond the sheath of skin 
enveloping the other joints, end connecting the hand. with the trunk. 

The common position of the arm-bone is with ite distal end most raised. The fore- 
arm, with the dbow raised, is in the state between pronation and snpinatiaQ, the radial 
side of the hand being downwards, and the palm directed outwards. The whole limb, 
in its position and structure, is imequalled in the vertebrate series as a fossorial instru- 
ment, and only paralleled by the corrtsponding Umb in the mole-cricket (GryUata^) 
amongst the insect-tribes. 

No impediment is ofEisred by the hinder parts of the body or limbs when the thickest 
part of the animated wedge has worked its way through the sdL The pdvis 
is remarkably narrow. The ossa innonnnatB have coalesced with the sacrum 
but not with each other, the pubic arch remaining open. The bodies <jf the 
sacral vertebrsB are blended together, and are carinate below; their neural spines 
have coalesced to form a high ridge. The acetebula look almost directly outwards. 
The head of the femur has no {ot ibr a round ligament. A fiibella is preserved 
behind the outer condyle. A hamular process is sent off from tbe head of the tibia and 
fibula ; the lower moieties of the shafts of these bones are blended together. The toes 
are five in number on the hind-feet as in the fore, but are much more feebly devdoped. 
They serve to tirrow bade the loose earth detached by the spade-shaped hands. 

Bkieleton of the Bat«-*The form of limb preaented by the arm and hand of the 
bat offers the most striking contrast to the burrowing trowel of the mole. Yiewed in 
the living animal it is a thin, widely^expanded sheet of membrane, sustained like 
an umbrella by dender rays, and flapped by means of these up and down in the air, 
and with such fbrce and rapidity, as, combined with ite extensive surfigtce, to react 
upon the rare element more powerfully than gravitation can attract the wei^ to 
which the fore<limbs are attached; consequently the body is raised aloft, and 
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bczne swifUy through the air. The Tnammftl now riyals the hird in its faculty of 



Pig. 42. 




8KXLST0N OP THE BAT {VespeftUio tnuHnua). 



progressiye motion ; it flies, and the in* 
Btrumenta of its aerial course are called 
" wings." The whole frame of the bat is 
in harmony with thifi fEunilty, but the ma- 
malian type of skeleton is in nowise 
departed from. 

The yertebral formula of the common 
bat (Veapertilio murinua) (Fig. 42), is— 

7 cervical, 12 dorsal, 7 lumbar, 3 sacial, and 

8 caudal yertebre. The chief characteiis 
tics of the skeleton are-~the gradual dimi- 
nution of size .of the spinal column &om 
the cervical to the sacral regions ; the ab- 
sence of neural spines in the yertebio 
beyond the dentata; a keeled sternum; 
long and strong, bent davides, 58 ; broad 
scapulae, 51 ; elongated himieri, 53 ; more 
elongated and slender radius, 55 ; and still 
longer and more slender metacarpals and 
phalanges of the four fingers, tt, m, tr, v^ 
which are without daws, the thumb, i, 
being short and provided with a daw: 
the pelvis, 62, is small, dender, and open 



at the pubis, 63 ; the fibula, 67, is rudimental, like the idna, 54, in the fore-arm. 
The common bat has a long and dender stiliform appendage to the heel, 68, whidi 
hdps to sustain the caudo-femoral membrane. The hind digits are fiye in number, 
short, subequal, each provided with a daw ; they are the instruments by which the 
bat suspends itself^ head downwards, during its daily summer deep, and continued 
winter toipor. 

Skeleton of the GamiTovoiiB BKammalia.— The lion may be regarded as 
the type of a quadruped. The well-adjusted proportions of the head, the trunk, the 
ibre-limbs, and tail concur with their structure to form an animal swift in course, agile 
in leaps and bounds, tenible in the overpowering force of the blows inflicted by the 
fore-limbs. The strong, sharp, much-curved, retractile talons terminating the broad 
powerful feet, enable the carnivore to seize the prey it has overtaken, and to rend the 
body it has strudc down. The jaws have a proportional strength, and are armed with 
fimgs fitted to pierce, lacerate, and kill. 

The carnivorous character of the skull, as exemplified by the sagittal and occipita 
Greets, by the strength and expanse of the zygomatic arches, by the breadth, depth, and 
shortness of the jaws, by the height of the coronoid processes, and by the depth and 
extent of the fosse of the lower jaw for the attachment of the biting muscles, reaches 
its maximum in the lion. The triangular occipital region is remarkable for the depth 
and boldness of the sculpturing of its outer surface, indicative of the powerful musdes 
working the whole skull upon the neck and trunk. The conjoined parocdpitals and 
mastoids form a broad and thick capsular support for the bade part of the acoustic 
bullffi. The pterygoid processes are imperforate. A weU-marked groove extends on 
eadi side of the bony palate from the posterior to the anterior palatine foramina. The 
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premaxillaries are comparatiyely short, and one-half of the lateral border of the nasals 
directly articulates with the mazillaries.* The antorhital foramina are largely indicatiye 
of the size of the sensitiye nerve supplying the well-developed whiskers. Within the 
cranium we find that ossification has extended into the membrane diyiding the cerebrum 
from the cerebellum. This bony tentorium extends above the petrosal to the ridge over- 
hanging the Grasserian fossa ; ike petrosal is short, its apex is neither notched nor per- 
forated ; the cerebellar pit is very shallow. The sella turcica is deep, and well defined 
by both the anterior and posterior dinoids. The rhinencephalic fossa is relatively larger 
in the Uon than in most camivora, and is defined by a weU-marked angle of the inner 
table of the skuU from the prosencephalic compartment. The olfactory chamber extends 
backwards both above and below the rhinencephalic fossa ; the upper part of the chamber 
is divided into two sinuses on each side. The superior turbinals extend into the anterior 
sinus, and below into the presphenoidal sinus. All the bones of the skeleton are 
remarkable for their whiteness and compact structure. 

Fig. 43. 




SKXLETON or THS LION {FeUs Ico), 

The vertebral formula of the lion (Fig. 43) is — 7 cervical, 13 dorsal, 7 lumbar, 
3 sacral, and 23 caudal. The last cervical vertebra has the transverse pro- 
besses imperforate, being formed only by diapophyses. The eleventh dorsal is that 
toward which the spines of the other trunk-vertebrsB converge, and indicates the centre 
of motion of the trunk in this bounding quadruped. Eight pairs of ribs directly j(4n 
the sternum, which consists of eight bones. The clavicles are reduced to clavicular 
bones, 58, suspended in the flesh. The supraspinal fossa of the scapula is less deep 
than the infraspinal one, and its border is almost uniformly convex ; the acromion is 
bifid, the recurved point being little larger than the extremity or anterior point. The 
humerus, 63, is perforated above the inner condyle, but not between the condyles* 
The radius, 55, and ulna, 54, are so articulated as to permit a free rotation of the fore- 
paw. The scaphoid and lunar bones are connate. Besides these, the bones of the^ 
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esopus are tke eimeifiniiiiB ; the pisiforme; the trapezium, which gires 8b articulatian to 
the ulnar aide of ibe haw of the ahort metacaxpua of Ihe poUez ; the tntpezoidas; the 
magnuin, irhichis the leaat of the earpal hones ; the uncifoniie, which B up| K>rtH, as uBnal, 
the metacaipala of the fourth and fifth digits ; and the pisiforme, which projects iar 
backwards, Hke a smaJl oalcaneum : there is also a sapplementary oscide wedged in tiie 
interspace between the prominent end of the scapho-lnnar bone and the proximal end 
of the metacarpal of the poUez* The poUex is retained on the fare-foot, and, like the 
other toes, is terminated by a large, compressed, retractile, nngoal phalanx, forming' a 
deep shealSi, for the firm attachment of the large curbed and sharp-pointed daws. 

The pelvis, 62, 63, 64, the femur, 65, the tibia, 66, and fibula, 67, offer no remark- 
able modificatiots of structure ; the patella, 66, is well ossified, and there is a &bella, 67, 
behind each condyle of the femur. The tarsal bones are the astragalus ; the scaphoides; 
thecalcanenm; the cuboides, whieh, like the unoiforme in the carpus, supports the two 
outer digits ; the cuneif orme externum, wMdi, like the magnum, supports the middle 
digit ; the cuneiforme medium, which, like the trapezoides, supports the second digit ; and 
the cuneiforme internum, which supports the rudiment of the metatarsal of the first or 
innermost digit. 

The last or imgual phalanx, in both fore and hind feet, has a bony sheath at its base 
for the firmer implantation of the claw ; and its joint is at the back part of the proximal 
end of the phalanx, whereby it can be drawn upwards upon the second phalanx, when 
the claw becomes concealed in the fold' of integument forming the interspace of the 
digits. 

This state of retraction is constantly maintained, except when oyercome by an 
extending force, by means of elastic ligaments.' The principal one arises from the 
outer side and distal extremity of the second phalanx, and is inserted into the superior 
angle of the last phalanx; a second arises from the outer side and proximal end of the 
second phalanx, and passes obliquely to be inserted at the inner side of ^e base of the 
last phalanx. A third, which arises from the inner side and proximal extremity of the 
second phalanx, is inserted at the same point as the preceding. The tendon of the 
flexor profundus perforans is the antagonist of the elastic ligaments. By the action of 
that muscle the last phalanx is drawn forwards and downwards, and the claw exposed. 
In order to produce the fall effect of drawing out the claw, a corresponding action of 
the extensor muscle is necessary, to support and fix the second phalanx ; by its ultimate 
insertion in the terminal phalanx, it serves also to restrain and regulate the actions of 
the flexor muscle. As the phalanges of the hind-foot are retracted in a different direc- 
tion to those of the fore-foot, i . e. directly upon, and not by the side of the second 
phalanx, the elastic ligaments are differently disposed, but perform the same main office. 

It seems scarcely necessary to allude to the final intention of these beautiful sti - uc t uiea , 
which are, with some slight modifications, common to the genus Feiia. The daws 
being thus retracted within folds of the integument, are preserved constantly shaip, 
and ready for their destined functions, not being blunted and worn away in the ordinary 
progressive motions of the animal ; while at the same time the sole of the foot, being 
padded, such soft parts only are brought in contact with the ground as conduce to ihe 
noiseless tread of the stealthy feline tribe. This highly-developed unguiculate slruetuw 
with the dental system and concomitant modifloations of the skull, comjdetes the pre- 
datory character of the typical Cbmtcwra. 

SkatoiOB of the Kai^g«xoo.'Au8tra]ia possesses an indigenous race of herbivop- 
I created to enjoy existence on its grassy plains. Buttiieolinurteof this fifth 
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oosiitment,a8,£rQinit8 extent, it has been tenned» is rebject to droughts of m m a n al du r ation , 
and the parched np grass, ignited by the electric bolt or other cause, often raises a con- 
flagration of fe&iful extent, and leaves a correspdncUngily wide-spread blaakened desert. 
To tl^e antelope, and other ruminants of tropical or warmer latitudes, swiftness of limb 
has been given, which enables them to migrate to river vaUeys, where the vegetation is 
preserved from the influenoe of the dry ^^* **• 

seaaoii. AustraLui, however, ia peculiai' tvj\1^_^y 

£>rita scanty supply of pereimiiil atreams ; ^,^- — — -^^''^RS^fe 

the tomjiita of tbebriof periods of nun 
are reduced to detschod pools in the dry 
sea^soti^ andlhefla are parched up m thii 
long drou(>lita, leayiog hundreds of miles 

of the? country devoid of fiurfkeo water. / fHTT .^fflt^^ 

I^ tJiG-n, tlie panent herbivore oouitl tra- 
verge! the rt^quired diutancG to quench ita 
thirgt, or Batiafy ita bangtfTj tliB teadtir 
yomig would be unjiblo to follow the 
dam. A modiiication, of tho procrcalivo 
process hsifl accordingly bt^n fluperin- 
duccUi whidh chamutcrizea the Anatra- 
lian monmnds- the young are pnema- 



«KSLETON OF TH£ KAMOABoo {Moeropus eleffatu), 

turely brought forth of embryoauc size and helplessness, and are transferred to a 
pouch of inverted skin, oonoealiog the udder; and in this marsupium, as in a 
well-stored vehicle, they are easily transferred by the parent to any distance to which 
the dimatal conditions may compel her to migrate. The economy of this portable 
nursery, the requisite manipuktiom of the sw^Hng young therein 8iiq>ended from the 
teat, demand a certain prehensile power of the five-limbs, a freedom of the digits, with 
some opposable fSaonlty in them, and the possession of so much sense of touch as would 
be impossible were the digit to be ineased in a hoof; the hcumy matter is accordingly 
developed only on the upper sui&ce of the finger-end, and is in the form of a daw. 
But the ungnioulate pentadactyle extremity— though a higher grade of structure in the 
progress of limbs— is not suited for the exigencies of the herbivore, and would have 
appeared utterly incompatible with an existenoe dependent on grazing in wild pastimes, 
had we argued firom knowledge restricted to the fiurms and structures of the hoofed her- 
bivores of the Euzopsoo-Aaiatio, African, and American o on tinents. How, then, it may 
be asked, is this difficulty overcome in the case of a grazing animal, necessarily a 
marsupial, and consequently an ungulculate one ? The answer need only be a reference 
to fig. 44 : the requisite feeulty of migration of the parent with the tender offspring is 
gained by transferring the locomotive power to the hinder pair of limbs extraordinarily 
developed, and aidedby a coirrespondingly powerful tail ; the fore-limbs being restricted in 
their deveh^pment to the size requisite for the marsupial offioea and other aooeasory uses. 
This is the condition or explanation of the seemingly anomalous form and propor- 
tions of the kangaroo,-HSo strange, indeed, that the experienced naturalists. Banks and 
Solander, may well be excused for suimismg they had seen a huge bird when they 



Digitized by 



Google 



254 



CONDITIONS OF MAKSUPIAL 8TBUCTURE. 



firat caught a glimpse of the kangaroo in the strange land which they, with Code, 
discoyered. 

The rapid course of the kangaioo is by a soocession of leaps, in which twenty to 
thirty yards are cleared at a bound ; the herbiyore, instead of a swift couiser on four 
pretty equally dereloped hoofed extremities, is, in Australia, a leaping animal ; and 
the saltatoiial modification of the manmialian skeleton is here showiTin that of one of 
the swiftest and most agile of the numerous species of kangaroo, the Maeropus degam. 

In this kangaroo, 13 yertebred are dorsal, 6 are lumbar, 2 are sacral, and 28 are 
oaudal, the first fourteen of which haye hsBmapophyses. These elements coalesce at 
their distal ends, and form small hsBmal arches ; they oyerspan and protect firom pres- 
sure the great blood-yessels of the tail, the powerfdl muscular &sciculi of which deriye 
increased sur£EU» of attachment from these hsBmal arches. The pelyis is long ; the strong 
prismatic ilia, 52, and the ischia, 63, cany out the great flexors and extensors of the 
thigh to a distance from their point of insertion— the femur, which makes these muscles 
operate upon that leyer at a most adyantageous angle ; the trunk, b<»ne along in the 
yiolent leaps, needs to be unusually firmly bound to the pelyic basis of the chief moying 
powers. Accordingly, we find a pair of bones, 64', extending forwards from the pubic 
symphysis, 64, along the yentral walls, giying increased bony origin to the unusually 
deyeloped median abdominal muscles attaching the thorax to the pelyis ; and these 
*' marsupial bones,'* as they are called, haye accessory functions relating to reproduc- 
tion in both sexes of the marsupial quadrupeds. The femur, 65, is more than twice the 
length of the humerus : it is proportionally strong, with well-deyeloped great and small 
'< trochanters," and a ^^ &be]la" behind one or both condyles. The patella is unossified. 
The fibula, 67, is immoyeably united to the lower half of the tibia. This bone, 66, is of 
unusual length and strength, and is firmly interlocked below with the trochlear astra- 
galus. The heel-bone sends backwards a long leyer-like process for the fayourable 
insertion of the extensors of the foot. This member is of yery unusual length. The 
innermost toe, or hallux, is absent ; the second and third toes are extremely slender, 
inclosed as far as the ungual phalanx in a common fold of integument, and reduced to 
the fimctiofi of cleansing the fur. The offices of support and progression are performed . 
by the two outer toes, w and r, and prindpaUy by the fourth, which is enormously 
deyeloped, and terminated by a long, strong, three-sided, bayonet-shaped daw; these two 
toes are supported, as usual, by the os cuboides, which is coyrespondingly large, whilst 
the nayiculare and the cuneiform bones are proportionally reduced in size. The bones 
of the fore-limb, though oomparatiydy diminutiye, present aU the complexities of 
structure of the unguiculate limb. The dayide, 58, connects the acromion with the 
sternum, and affords a fulcrum to the shoulder-joint. The humerus, articulating below 
with a radius and ulna which can rotate on each other, deydopes ridges aboye both 
inner and outer condyles for the extended origin of the muscles of pronation and supina- 
tion. The brachial artery pierces the entocondyloid ridge. The carpal bones, answering 
to the scaphoid and lunar in the human, wrist, are here confluent. The digits are fiye in 
number, enjoy free, independent moyements, and are each terminated by a shaip-curyed 
daw. 

Skeleton of tlie QvAdnunaiuu—The sloth is an exdusiydy arboreal animal ; its 
diet is foliage ; it has but to bring its mouth to the leafy food, and the lips aad tongue 
senre to strip it from the brandies. The extremities, as we haye seen, serye mainly to dimb 
and ding to brandies, and occasionally to hook down a tempting twig within reach of the 
mouth. There is, howeyer, another mudi more extensiye and diyersifled order of arboreal 
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TnaniTnalfl destined to subsist on the fruits and other more highly deyelopea products of 
the vegetable kingdom than mere leaves. In the monkeys, baboons, and apes the 
extremities are endowed with prehensile faculties of a more perfect and varied cha- 
racter than in the sloths ; and this additional power is gained by a fcdl development of 



the digits in normal number, with free and inde- 
pendent movements, which in one of them — ^the 
first or iimermost— arc atich aa that it can be opposed 
tu tho r«3St, so that objects of various hIzq can be 
grasped. This modification conyerts a foot into a 
hand \ and, as the mammals in question have tho 
opposable '^ thnmb" on both fore and Mnd limbs, 
tltey arc tmlled *' quadrumflna," or four-handed. 
Tho rest of the limb manifcsta a corresponding com- 
plexity or perfection of stnictnre; the trunk ia 
adjusted to vucaiotA with the 
a&tionB of euich InBtrumeata, and 
the brain ia dovelcped in pro- 
Fig. 45. 



Fig. 46. 
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portion with the powOT of executing so great a variety of actions and movements as 
the four-handed structure gives capacity for. 
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COMPARISON OF THE BONY STRUCTUBK OF THE APE AND MAN. 



IxL the sknll of the quadmrnftna are seen ixuSSMiioDB of a conconatant peKfectioa of 
the ooter seiues : tiiie orbiiiB axe entire^ and direeted forwards, with their outlets ahnosi 
on ^e same plane ; both eyes ean thus be hcoog^ to bear n^n. the same object. The 
rest of the fiBoe, formed by the jawB, now begins, to bear a sijaaUer proportion to the 
progressively expanding cranium. The neck, of moderate length, has its, seven verte- 
brsB well developed, witii the costal processes large in the fifth and sixth : the dorsal 
vertebrae, twelve, in the species figured {UtAeeus satjflrua), show by the convergence 
of their spines towards the vertical one on the ninth, that this is the centre of move- 
ment of the trunk. The lumbar vertebna aj» four in number : in the inferior mookeyB 
they are seven, and the anterior ones are fiimly interlocked by well-developed anapo- 
physes and metapophyses. The sacrum is still long and nairow. The tail, in some of 
the lower quadrumana, is of great length, including 30 vertebne in the red monkey 
{Oereopitheeus ' ruber), in which the anterior ones ace oompUcated by having h»mal 
arches. The clavides are entire in all quadrumana. The humerus has its tuberosi- 
ties and condyloid crests well developed. The radius rotates freely on the ulna. 
The wrist has nine bones, owing to a division of the scaphoid, besides supjdemen- 
tary sesamoids adding to the force of some of the muscles of the hand ; the thumb 
is proportionally shorter in the fore than in the hind foot. The patella is ossified, ^ 
and in most baboons and monkeys there is a fabeUa behind each condyle of the 
femur. The fibula is entire, and articulated with the tibia at both ends. The tarsus 
has the same number and relative position of the bones as in man; but the heel- 
bone is shorter, and the whole foot rather more obliquely articulated upon the leg, 
the power of grasping being more cared for than that of supporting the body ; the 
innermost toe forms a large and powerful opposable thumb. 

There is a well-marked gradation in the quadrumanous series from the ordinary 
quadrupedal to the more bipedal type. In the lemurs and South American monkeys 
the anterior thumb is shorter and much less opposable than the hinder one ; in the 
spider-monkeys it is wanting, and a compensation seems to be given by the remarkable 
prehensile faculty of the curved and callous extremity of the long tail. This member 
in the African and Asiatic monkeys is not prehensile, but the thmnb of the fore-hand 
is opposable. In the true apes the tail is wanting, t. e, it is reduced to the rudiment 
called " OS coccygis ;" but lie fore-arms are unusually developed in certain species, 
hence called " long-armed apes." These can swing themselves rapidly from bough to 
bough, traversing wide spaces in the aerial leap. The orang (Fig. 45) is also remark- 
able for the disproportionate length of the arms, but this difference from man becomes 
less in the chimpanzees. The large species called Grorilla, which of all brutes makes the 
nearest approach to man, is still strictly " quadrumanous ;" the great toe, or " hallux,' 
being a grasping and opposable digit. But the hiatus that divides this highest of 
the ape tribe from the lowest of the human species is more strikingly and decisively 
manifested in the skull (Fig. 50). The common teeth in the male goriUa are deve- 
loped, as in the male orang, to proportions emulating the tusks of the tiger ; they are, 
however, weapons of combat and defence in these great apes, which are strictly fru- 
givorous. Nevertheless, the muscles that have to work jaws so armed require modifica- 
tions of the cranium akin to those that characterize the lion, viz., great interparietal, 7, 
and oocdpital, 3, cristas and massive zygomatic arches. The spines of the cervical 
vertebrtB are greatly elongated in relation to the support of such a skull, the facial part 
of which extends so £ftr in advance of the joint between the head and neck. The chim- 
panzees, moreover, differ from man in having thirteen pairs of thoracic moveable ribs. 
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The long and flat iliac bones, 62. the short femora, 65, so articulated with the leg- 
bones, 66, as to retain habitually a bent position of the knee, the short calcanea, <?, 
and the inward inclination of the sole of the foot, aU indicate, in the highest as in the 
lowest quadrumana, an inaptitude for the erect position, and a compensating gain of 
climbing power favourable for a life to be spent in trees. 

In the osteological structure of man (Fig. 46), the vertebrate archetype is furthest 
departed from by reason of the extreme modifications required to adjust it to the pecu- 
liar posture, locomotion, and endless variety of actions characteristic of the human race. 

As there is nothing, short of flight, done by the moving powers of other animals 
that serpents cannot do by the vertebral column alone, so there is no analogous action 
or mode of motion that man cannot perform, and mostly better, by his wonderfully 
developed limbs. The reports of the achievements of our athletes, prize wrestlers, 
prize pedestrians, funambulists, and the records of the shark-pursuing and shark- 
slaying amphibious Polynesians, of the equestrian people of the Pampas, of the Alpine 
chasers of the 'chamois, and of the scansorial bark-strippers of Aquitaine, concur in 
testifying to the intensity of those varied powers, when educed by habit and by 
skilled practice. The perfection of almost aU modifications of active and motive struc- 
tures seems to be attained in the human frame, but it is a perfection due to especial 
adaptation of the vertebrate type, with a proportional departure from its fundamental 
pattern. Let us see how this is exemplified in the skeleton of man (Fig. 46), viewing 
it from the foundation upwards. 

In the typical mammalian foot the digits decrease from the middle to the two 
extremes of the series of five toes ; and in the modifications of this type, as we have 
traced them through the several gradations (p. 243, Figs. 35-39), the innermost, e, is 
the first to disappear. In man it is the seat of excessive development, and receives 
the name of " hallux," or " great toe ;" it retains however, its characteristic inferior 
number of phalanges. The tendons of a powerful muscle, which in the orang and 
chimpanzee are inserted into the three middle toes, are blended in man into one, and 
this is inserted into the hallux, upon which the force of the muscle now called " flexor 
longus pollicis" is exclusively concentrated. 

The arrangement of other muscles, in subordination to the peculiar development of 
this toe, make it the chief fulcrum when the weight of the body is raised by the 
power acting upon the heel, the whole foot of man exemplifying the lever of the second 
kind. The strength and backward production of the heel-bone, c, relate to the augmen- 
tation of the power. The tarsal and metatarsal bones are coadjusted, so as to form arches 
both lengthwise and across, and receive the superincumbent weight from the tibia on 
the summit of a bony vault, which has the advantage of a certain elasticity combined 
with adequate strength. In proportion to the trunk, the pelvic limbs are longer than 
in any other animal ; they even exceed those of the kangaroo, and are peculiar for the 
superior length of the femur, 65, and for the capacity of this bone to be brought, when 
the leg is extended, into the same line with the tibia, 66 ; the fibula, 67, is a distinct bone. 
The inner condyle of the femur is longer than the outer one, so that the shaft inclines a 
little outwards to its upper end, and joins a neck longer than in other animals, and set 
on at a very open angle. The weight of the body, received by the roimd heads of the 
thigh-bones, is thus transferred to a broader base, and its support in the upright posture 
facilitated. The pelvis is modified so as to receive and sustain better the abdominal 
viscera, and to give increased attachment to the muscles, especially the "glutei," which, 
comparatively small in other mammals, are in man vastly developed to balance the trunk 
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upcm the legs, and redprocaUy to msfre theBe upoa the trunk. The groftt breadth and 
anterior eoncavity of the iliuni, 62, are eharacteristic modificatioiis of this bone in man. 
The pelvis is more capaeiouf^ the tuheiosity of the ischium is les0 prominefttr and the 
symphysis pubis shorter^ than in apes. The tail isrednced to thrce'or four stimted r&r- 
tebrae, anchylosed to form the bone called " os coccygis." The five vertebi«B which 
coalesce to form the saernm Are of unusual breadth, and the free <» *^ tme" vertebraB, 
that rest on the base of the sacral wedgB, gradually decrease in sLze to the upper part 
of the chesty alTthe free yertebise, diTided into five lumbar, twelve dorsal, and seven 
cervical, are so articulated as to describe liiree slight and gmceful curves, the bend being 
forward in the loan% backward in the ehest, and finwurd again m the neck: A soft 
elastic cushion, of '* intervertebral" substance, rests between the bodies of the vertebze).. 
The distribution and libration. of the trufiJc, with the superadded weight of the head and 
arms, are favoured by these gentld curves, and the shock in leaping is broken and di£^ 
fused by the numerous elastic intervertebral joints. The expansion of the cranitim 
bdiind, and the shortening of the face in firont, give a globe-like form to the skall^ 
which is poised by a pair of condyles, advanced to near the middlia of its bass upon 
the cups of the atlas; so that there is but a slight tendency to incline forwardsi when 
the balancing action of the muscles ceases, as when the head nods durinsg deep in an 
upright posture. 

The framework of the upper extremity shows all the perfections tixat have been 
superinduced upon it in the mammalian series, viz., a comj^ete clavicle, 58, antibrachial 
bones, 54, 65^ with rotatory movements as weE as those of flexion and extension, and 
the five digits, 57, free and endowed with great extent and variety of movements : 
of these, the innermost, which is the first to shrink and disappear in the lower mam*- 
malia, is in man the strongest, and is modified to ft>rm an opposable thumb more powerful 
and effective than in any of the quadrumana. The scapula, 51, presents an expanded 
surface of attachment for the muscles which work the arm in its free socket, the 
humerus, 53, exceeds in length the bones of the fore-arm. The carpal bones, 56^ 
are eight in number, called scaphoides, lunare, cuneiformc, pisiforme, trapezium, 
trapezoides, magnum, and imciforme ; of these the scaphoid and unciforme are com- 
pound bones ; t.^. they consist each of two of the bones of the type-carpus, connate. 

In the human skuU, viewed in relation to the archetype, as exemplified in the fish 
and the crocodile, the following extreme modifications have been established. In the 
occipital segment the haemal ardi is detached and displaced, as in all vertebrates aboive 
fish ; its pleurapophysis (scapula, 51) has exchanged the long and slender for the broad 
and fiat form; tiie haemapophysis (coracoid, 52) is rudimental, and coalesces with 51. 
The neurapophyses (exocdpitals, 2) coalesce with the neural spine (supcrocoipital), and 
next with the centrum (basioccipital). This afterwards coalesces with the centrum (basi* 
sphenoid) of the parietal segment. With this centrum also the neurapophyses, called 
" disphenoids," and the centrum of the frontal vertebra, called " presphenoid," become 
anchylosed. ,The neural spine (parietal) retains its primitive distinctness, but is 
enormously expanded, and is bifid, in relation to the vast expansion of the brain in 
man. The parapophysis (mastoid) becomes confluent with the tympanio, petrosal, and 
squamosal, and with the pleurapophysis, called " stylohyal,'* of the hj»mal (hyoidian) 
arch. The hsemapophysis is ligamentous, save at its junction with the haBmal spine 
when it forms the ossicle called " lesser comu of the hyoid bone," the spine itself being 
the basihyal or body of the hyoid bone. The whole of this inverted arch is much 
reduced in size, its fimctions bcdng limited to those of the tongue and larynx, in regard 
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to tastey. speedy and deghitxtiaii. The neorapophyses (orbitospexioids) becoming con'^ 
ftiuait with the centrum (preaphenoid) of the fixnrtal vertebra, and the latter coalescing 
with that of the parietal yertebra, the compoimd bone called " sphenoid'' in anthre- 
potomy rcsulfca, which combines the centrums and nenrapophyses of two cranial 
vertebrae, together with a diverging appendage (pterygoid) of the maxillary arch. 

The knowledge of titie essential nature of such a c(»npouad bone gives a clue to the 
phenomena of its development from so many separate points, which final causee coukL 
never have satisfactorily afforded. As the centrum, 5, becomes confluent with 
Xo. 1, a still more complex whole results, which has accordingly been described 
as a single bone, under the name of '^ os spheno-occipital" in some anthro]^oto- 
mies. Such a bone has not fewer than twelve distinct centres o€ ossification, 
corresponding with as many distinct bones in the cold-blooded animals that depart 
less from the vertebrate archetype. The spine of the frtmtal vertebra (fhmtal 
bone) is much expanded and bifid, like the parietal bone ; but the two halves more 
frequently coalesce into a single bone, with which the parapophysis (postfrental) 
is connate. The pleurapophyais of the h»maL arch (tympanic bone) is reduced to 
its. f miiction in relation to the organ of hearing, and becomes anchylosed to the petrosal, 
the squamosal, and the mastoid. The hsemapophysis is modified to form the den- 
tigerous lower jaw, but articulates, as in other mammals, with a diverging appendage 
(squamosal) of the antecedent haemal arch, now interposed between it and its proper 
pleuzstpophysis ; the two hsemapophyses, moreover, become confluent at their distal 
ends, forming the symphysis mandibuhe. 

The centrum of the first bt xiasal vertebra, like that of the last vertel»a in birds, is 
shaped like a ploughshare, and is called " vomer :" the neurapophyses have been sub- 
ject to flioular compression, and are reduced to a pair of vertical plates, which coalesce 
togeth^, and with parts of the olfactory capsules (npper and middle turbinals), forming 
the compound bone called " sethmoid ;" of which the neur£^ophy%es (prefrontals) form 
the ^^ lamina perpendicularis" in human anatomy. The prefrontals assume this conflu- 
ence and concealed position even in some fishes— aij^AfM, «.y.-^and re^at the chanieter 
in all mammalia and in most birds ; but they become partially exposed in the ostrseh 
and the batrachia. The spin/e of the nasal vertebra (nasal bones) is usually bifid, like 
those of the two suceeedii^ segments ; but it is mueh less expanded. The hssmal, called 
^^ maxillary" arch, is formed by the jdeurapophyses (palatineB) md by the luemapophyses 
(maxiQaries), with which the halves of the bifid heemal spine (premaxiSaiies) are partly 
connate, and become completely confluent. £aeh moiety, or prema^dllary, is reduced 
to the size required for the lodgment of two ycrtical incisors : as the canines in man 
dp not exceed the adjoining- teeth in length, and the premolars are reduced to tw» in 
number, the alveolar extent of the maxillary is short, oiid the whole upper jaw is yery 
dightly prominent. 

Of the diverging appendages of the maxillary arch, tihe more constant one, called 
<< pterygpoid," articulates with the palatine, but cofdesces with the sphenoid ; the second 
pair, formed by the malar, 26, and squamosal, 27, has been subject to a greater degree 
of modification ; it still performs the function assigned to it in lizards and birds, where 
it has its typical ray-like figure, of connecting the maxillary with the tympanic ; but 
the second division of the appendage (squamosal) which began to expand in the lower 
mammalia, and to strengthen, without actually forming part, of the walls of l&e brain- 
case, now attains its maximum of development, and forms an integral constituent of the 
cranial parietes, filling up a large cavity between the neural arches of the oodpital and 
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parietal segments. It coalesces, moreoTcr, with the tTmpamc, mastoid, and petrosal, 
and forms, with the subsequently anchyloscd stylohyal, a compound bone called 
" temporal" in human anatomy. The key to the complex beginning of this " cranial " 
bone is again given by the discovery of the general pattern on which the skulls 
of the vertebrate animals have been constructed. In relation to that pattern, or 
to the archetype vertebrate skeleton, the human temporal bone includes two 
pleurapophyses, 38 and 28, a parapophysis, 8, part of a diverging appendage, 27, 
and a sense-capsule, 16. 

The departure from the archetype, which we observe in the human skull, is most 
conspicuous in the neural spines of the three chief segments, which, archetypally, may 
be regarded as deformities by excess of growth to fulfil a particular use, dependent on 
the maximization of the brain ; the deviation is again marked by arrest of growth or 
suppression of parts, as e.gi. in. certain parapophyses, and in the haemal arch of the 
parietal segment ; it is most frequently exemplified in the coalescence of parts primarily 
and archetypally distinct ; and it is finally manifested by the dislocation of a part — 
viz., the haemal arch of the occipital segment — ^the diverging rays of which have become 
the seat of that marvellous development which has resulted in the formation of the 
osseous basis of the human hand and arm. "With the above explanation the structure 
of the human skull can be intelligibly comprehended, and not merely empirically 
understood, as through the absolute descriptions penned in reference to material and 
utilitarian requirements, and without reference to the great scale of vertebrate struc- 
tures, of which man is the summit. 

The fruit of a series of comparisons, extended over all the vertebrate kingdom, being 
the recognition of the archetype governing the structure of the vertebrate skeleton, the 
expression of such knowledge has necessitated the use of general terms, such as 
" vertebra," for the segments of the skeleton, " neurapophyses," for a constant element 
of such segment, and the like " general names " for other elements. When any of 
these elements are modified for special functions, then also a special name for it becomes 
a convenience, as when a " pleurapophysis " becomes a jaw or blade-bone, &c., a 
" diverging appendage" an arm or a leg. Deep thinking anatomists have heretofore 
caught glimpses of these higher, or more general, relations of the vertebral elements, 
when much modified or specialized, as e.^. in the head, and have tried to give expression 
to the inchoate notion, as when Spix caUed the " maxillary arch " the " arm of the 
head." These glimpses of a great truth were, however, ill received ; and Cuvier 
alluded to them, with ill-disguised contempt, as being unintelligible and mystical 
jargon, in his great work on Fossil Animals (1825). But the error or obscurity lay 
rather in the mode of stating the relationship of certain bones of the head to 
those of the trunk, than in the relationship itself: in the endeavour, e.ff., to express 
the relation by special instead of general terms. Even in 1845 the learned and 
liberal-minded editor of Baron Cuvier's last course of lectures, M. de Saint Agy, 
commenting upon the osteological essays of Spix and Oken, remarks : " For my part, 
an * upper jaw* is an * upper jaw,* and an * arm' is an * arm.' One must not seek to 
originate an osteology out of a system of metaphysics."* But a jaw is not the less 
a jaw because it is a "heemapophysis," nor is an arm the less an arm because it 
is a "diverging appendage." In the same spirit a critic might write : " Newton calls 
this earth a * planet,' and the moon a * satellite ;' for me the earth is an earth, and 

• " Pour moi, une m&choire superieure est une mftchoire superieure, et un bras est un bras. II 
ne faut pas ctaercber h fairc sortir I'osteologie (Van srsteme de metaphysique." 
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the moon is a moon. One must not strive to make an ouranology out of a system of 

metaphysics." After the first recognition of a thing, one may seek to penetrate, and 

succeed in knowing, its essential nature, and yet keep within the bounds of nature. 
In no class of vertebrate animals is the progressive superiority of the cranium over 

the face marked by such distinct stages 

as in the m amma lia. Various methods Fig. 47. 

of determining these proportions have 

been proposed ; but the only satisfactory 

one is by comparing vertical sections 

of the skull, as in the series figured in 

the cuts 47—52. 

In the cold-blooded ferocious crocodile (Fig. 47), the cavity for the brain, in a 

skull three feet long, will scarcely contain a man's thumb. Almost all the skull is 
made up of the instruments for gra- pj^^ ^g^ 

tifying an insatiable propensity to 
slay and devour; it is the material 
symbol of the lowest animal passion. 

In the bird (Fig. 48), the brain-case 
has expanded vertically and laterally, 
but is confined to the back part of the 
skulL In the small singing birds, with shorter beaks, the proportion of the cranial 
cavity becomes much greater. In the 
dog (Fig. 49), the brain-case, with more 
capacity, begins to advance further for- 
ward. In the chimpanzee (Fig 50), the 
capacities or area of the cranium and 
face are about equal. In man the cranial 
area vastly surpasses that of the face. 

A difference in this respect is noticeable 
between the savage (Fig. 51) and civi- 
lized (Fig. 52) races of ioiankind ; but it is immaterial as compared with the contrast in 




Fig. 49. 




Fig. 50. 



this respect presented by the lowest form 
of the human head (Fig. 51) and the 
highest of the brute species (Fig. 50). 
Such as it is, however, the more contracted 
cranium is commonly accompanied by more 
produced premaxillaries and thicker walls 
of the cranial cavity, as is exemplified in the 
negro or Papuan skull. 

If a line be drawn from the occipital 
condyle along the floor of the nostrils, and 
be intersected by a second touching the 
most prominent parts of the forehead and 
upper jaw, the intercepted angle gives, in a 
genered way, the proportions of the cranial 
cavity and tiie grade of intelligence ; it is 
called the facial angle. In the dog this 
angle is 20° *, in the great chimpanzee, or gorilla, it is 40°, but the prominent sup^- 
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orbital ridge occasions some exaggeration ; in flie Australian it is 85°; in the European 
it is 95", The ancient Greek Artists adopted, iniheir beau ideal of the beautiM and 
intellectual, an angle of 100. 

Fig. 52. 



F?,61. 
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CONCLUDING REMARKS. 

A retrospect of the varied forms and proportions of the skeletons of animals, whether 
modified for aquatic, aerial, or terrestrial life, will show that whilst they were perfectly 
and beautifully adapted to liie sphere of life and exigrnces of the species, they adhered 
with remarkable constancy to that general pattern or archetype which was first mani- 
fested on this planet, as Geology teaches, in the class of fishes, and which has not been 
departed from even in the most extremely modified skeleton of the last and highest 
form which Creative Wisdom has been pleased to place upon this 6arth. 

It is no mere transcendental dream, but true knowledge and legitimate fruit of in- 
ductive research, that clear insight into the essential nature of each element of the bony 
framework, which is acquired by tracing them step by step, as, e. g.^ from the unbranched 
pectoral ray of the lepidosiren to the equally small and slender but bifid pectoral ray of 
the amphiume, thence to the similar but trifid ray of the proteus, and through the pro- 
gressively superadded structures 4uid perfections of the limbs in higher reptiles and in 
mammals. If the special homology of eadi part of the diverging appendage and its 
supporting arch are reoogBisatde from man to the fish, we cannot close the mind's eye 
to the evidences of flat higher law of archetypal conformity on which the very power 
of tracing lie lower and more special corresjwndences depend. 

Buffon has wdl remarked, in lie Introduction to his great work on Natural History, 
" It is only by comparing that we can judge, and our knowledge turns entirely on the 
relations liat tilings hear to those which resemble them and to those which differ from 
them ; so, if tl^eie were no animals, the nature of man would be far more incomprc- 
icmable tiiaa it is.** 

And if this !» true, as to man's general nature and powers, it is equally so with 
regard to Ihs aasttOmical structure. 

In the same spirit our philosophic poet felt that — 
" *Ti8 the sublime of man. 
Our noontide majesty, to knowoursdrcs 
Part and proportioos ofa wondrous whole.** — Colkriuoe. 
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Vertebratcd animals of progressiyelj higher grades of stnicture baye existed at , 
successiye periods of time on this planet, and they were constnicted on a common plan ! 
with those thai; still exist. . ' 

Some haye concluded, therefore, that the characters of a species became modified . 
in successiye generations, and that it was transmuted into a higher species ; a rep- i 
tile, e.ff., into a mammal ; an ape, into a negro. Let us eoasider, therefore, the j 
import and value of the OBteologieal difEerenees between the gorilla— the highest of ' 
all ape8--4uid man, in reference to this ^'transmutation hypothesis." The skeleton 
of an animal may be modified to a certain extent by the action of th« muacleB. By 
the deyelopmcnt of the processes, ridges, and crests, the anatomist judges of the ww- \ 
cular power of the iofUyidual to whom a skeleton under comparisan has appertained. > 
A ycry stnldng difference from the form of the human cranium results from the - 
deyelopment of certain crests and ridges for the attachment of muscles, in the great 
apes ; but none of thfi more important differences on which the naturalist relies for 
the determination of the genus and species of the asrangs and chimpanzees haye such 
an origin or dependent relation. The great superorbitaJl ridge, e.gi.f against which the ' 
facial line rests in Fig. 50, is not Uhe consequence of muscular action or deyelopment : ' 
it is characteristic of the genus Troglodytes t^m the time of birth; and we haye no 
groamds for belieying it to be a character to be gained or lost through the operations of ; 
external causes, inducing particular habits through successiye generations of a species, j 

Ko known cause of change productiye of yarieties of mammalian ^ecies could 
operate m altering the isize, shape, or connections of the prominent pwro axillary bones, 
which 80 remarkably distinguish the great Troglodytes gorilla from ithe lowest rapes of 
mankind. There is not, ui fact, any other character than that fi>HBd6d upcNa the deye- 
lopment of bone for the attachment of muscles, which is known io be wdigiect to change 
through the operation and influence of external causes, J^ine-tentlui of IJie ^ifi^Bfeaces 
which haye been cited (see the '^ Transactions of the Zoological Soeie^," tA. iii., > 
p. 418), as distinguidiing the giseat chimpanzee from the human i^eciei^ .vmat stand in 
contrayention of the hypothesis of transmutation and progreasiye def9eki|iiBeii!i^ wttiL 
the acceptors of fhat hypothesis are enabled to adduce the ^aets d e iaoa»i r a1^<f Jthe 
conditions of the modifiability of such chaxacters. Maoeov ear, as tlie genarie feaamfS! the 
ape tribe approach the human type, they are represented by fewer qpedei. The i»iity : 
of the human species is demonstrated by the constancy of those «sfte(ibg^<ai aad4ental \ 
peculiai^es which are seen to be most charaeteristio of the binumM m eoiribEafisttetion 
from the quadrunuina. 

Man is the sole species of his genus {homo) — ^the sole reprcsentalm of hi*; order 
(birnana) ; he has no nearer physical relations witix tbe brute kind tlundiQse tibai^elong 
to the characters which link together ibe ungiuculata diyision of the mwaamiS&Uk class. 

Of the nature of the ci«fttiye acts by which the successiye races of aniauik w«if called 
into being, we are igxMraat. But this we kaow^ ihitt as the eyidenee «f asSly^ oi plan 
testij&es to the cyuness of the Creator, so the modificatioos of the plaa^Hr^iflbaeKt modes 
of existence Ulustrate the beneficence of the PesigQer. V^aem struchma, jDiOBMSrfip, which 
are at pvesent ineprnpreheBsihle as adaptations to a special end, are n»de«ensp^ensible 
<m ahigher principle, and a final purpose is gained in zialation to humaa ial«B%ence ; for 
in the instances wiiere the analogy el tonttdy iwiremM machines &ils^ explain the 
structoie of a divinely ereated ergaa, mch organ 4ees sotexist in yaia if IMaruer com- 
prehfpgioo, in i^eli^tirai te ike IHyiae idea, or prisae ibqraoplar, lead rational beings to 9k 
better eonceptioa of 4hetf own ^ligia end <k«fMU>r. BICflAED OWEN. 
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SUBSTANCE OF TEETH. 



ON THE PRINCIPAL FORMS AND STRUCTURES OF THE TEETH. 



Fig. K 



At the commencement of the Treatise on the Principal Forms of the Skeleton, it was 
stated that " tooth," like " hone," was the result of the combination of certain earthy 
salts with a pre-existing cellular basis of animal matter. The salts, as shown in a sub- 
joined table, are nearly the same as those in bone, but enter in a larger proportion into 
the composition of tooth, and render it a harder body. So composed, teeth are peculiar 
to the back-boned (yertebrate) animals, and are attached to parts of the mouth, com- 
monly to the jaws. They present many yarieties as to number, size, form, structure, 
position, and mode of attachment, but are principally adapted for seizing, tearing, diyid- 
ing, pounding, or grinding the food, In some species they are modified to serve as for- 
midable weapons of offence and defence ; in others, as aids in locomotion, means of 
anchorage, instruments for uprooting or cutting down trees, or for transport and work- 
ing of building materials. They are characteristic of age and sex ; and in man they 
haye secondary relations subservient to beauty and to speech. 

Teeth ore nlway? intimately related to the food and habits of the animal, and ai-c 
theroforo Siighly interesting to the phyeblogist ; they form, 
for the BamjD rcaeon, important guides to tho natundlHt in the 
classification of animak ; and their va)ue, as ssoological cha- 
/^/' ''ilMJA'y. ^^^^^t *^ enhanced by the facility with which, from thejj- 

^i-- ^^^^^k\ P**^^*^^^'^* *l^^y ^^^ tM> Diamincd in Kying cr recent animala \ 
M 'vfc -'^^;'. Iff whilst tho durability of their tissues renders thtm not less 

availahle to the palax>ntholog:ist in the detcrmjcation of the 
nature and alfinitiea of extinct specioji, of whose orgaimation 
they are often the sole lemains diaeoveralle in the deposits 
of former periods of the earth's history. 

The substance of teeth is not so uniform as in bone, but 
eonmtti cominonly of two or more tissues, characterized by 
the proportions of their cartby and animal constituents, 
and by the aisiej form, and dLrection of the earitiea in the 
animal basis which contain the earth, the fluid, or the va^ 
eular pulp. 

The tissue which forms the body of the tooth is called 
**dmitinje" {denimum^ Lat.^) Fig. 1, d. 

The tissue which forms the outer crtiat of the tooth is eolled 
the *' cement" {c<mnmixim^ and crusta peti'Dsa^ Lat.), i^t ^^ 

The third tisfiuo, when present, h situated between the 
dentine and eement, ond is called ** enamel' ' {ettcamttifH, or 
cidamtMj Latn), **-, e. 

" Dentine" consists of an organised animal basis disposed 
in the form of extremely minute tubes and oells, and of earthy 
particles ; thtise particles have a twofold arrangententj being 
ei?hcr blended with the animal matter of the interspaces 
KEcnoH OF Hv«AM iKtisoB i"id porietes of the tubes and cells, or contained in a 
TDom (mnfi^oifled). minutely granular etate in their cftvitic«. The density 
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Fig. 2. 



of the dentine arises principally from the proportion of earth in the first of these 
states of combination. The tubes and cells contain, besides the granular earth, a 
colourless fluid, probably transuded " plasma," or " liquor sanguinis,'' and thus relate 
not only to the mechanical conditions of the tooth, but to the vitality and nutrition of 
the dentine. 

In hard or true dentine, the tubes called " dentinal tubes " diverge from the hollow 
of the tooth, called "pulp-cavity" (Fig. 1), jp, and proceed with a slightly wavy course 
at right angles, or nearly so, to the outer surface. The hard substance of the tooth is 
thus arranged in hollow coliunns, perpendicular to the plane of pressure, and a certain 

elasticity results from their curves : they arc 
upright where the grinding surface of the 
crown receives the appulse of the opposing 
tooth, and are horizontal where they have to 
resist the pressure of contiguous teeth. In 
"' Fig. 2, a highly magnified view is given of a 
y / 1 small portion of human dentine, showing the 
tubuli, ddyin. the intertubular substance, with 
the traces, cc^ of the primitive cellular con- 
stitution of that substance. For the mode in 
which the nucleated cells of the primary basis 
-df of the tooth, called " tooih-pulp," are con- 
verted into dentine, reference may be made 
to the author's "Odontography" (Introd., 
plates 1 and 2). The tubuli, besides frdfilling 
the mechanical ends above stated, receive the 
plasma transuded from the remains of the vas- 
cular pulp, which circulates, by anastomosing 
branches of the tubuli and by the plasmatic 
SECTION OF HUMAx TOOTH ^highly 'magnified), cells of the intertubular substance, through 

the dentine, maintaining a sufficient though 
languid vitality of the tissue. The delicate nerve-branches on the pulp's surface, some 
minute production of which may penetrate the tubuli, convey sensations of impressions 
affecting the dentine — sensations of which every one has experienced the acuteness 
when decay has affected the dentine, or when mechanical or chemical stimuli have 
" set the tooth on edge :" but true " dentine" has no canals large enough to admit 
capillary vessels with the red particles of blood. 

The first modification of dentine is that in which capillary tracts of the primitive 
vascular pulp remain uncalcified, and permanently carry red blood into the substance 
of the tissue. These so-called "vascular canals" present various dispositions in 
the dentine which they modify, and which modification is called " vaso-dentine." 
It is often combined with true dentine in the same tooth, e. ^., in the large 
incisors of certain rodents, the tusks of the elephant, the molars of the extinct 
iguanodon. 

A second modification of the fundamental tissue of the tooth is where the cellular 
basis is arranged in concentric layers around the vascular canals, and contains " radi- 
ated cells" like those of the osseous tissue ; it is called " osteo-dentine." The tran- 
sition from dentine to vaso-dentine, and from this to osteo-dentine, is gradual, and the 
resemblance of osteo-dentine to true bone is very dose. 
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CHEMICAL AND 8TSUCTUBAL COXPOSI7IOK OF TEETH. 



^'Cement "always closdj oQfre^onds in teicture with, the osseous tisHte of tii£ 
same animxil ; and wherever it occurs of suffifiient thickness, as upon the teetik of the 
hoise, sloth, or nuainaat, it is also tnuurvxused^ -like hone, by rascular canaU. In i^ 
tiles and mazamals, in which the animal basis of the bones of the sk^ton is eaasaTsted 
by minute radiated cells, these are likewise present, of similar size and form, m the 
cement, and are its diief characteristic as a constituent of the tooth. The retire 
density of the dentine and cement yaries according to the proportion of the earthy 
material, and chiefly of that part which is combined with the finimal matter in the 
walls of the cavities, as compared with the size and numb^ of the cayities thfimfielree. 
In the complex grinders of the el^hant, the masked boar, and the capj^bara, the 
cement, which forms nearly half th£ mass of the tooth, wears down sooner than the 
dentiBe. 

The "enamel" is the hardest constiiueot of a tooth, and conso^uentiy l&e hardest 
of animal tissues ; but it consists, like the other dental substanocp, of earthy naatter, 
arcanged by orgaaic forces in an animal matrix. Here, however, the eaSQi is 
mainly containod in the canals of the animal membrane, and in msBBiBuiift aad 
reptiles, completely frlls those canals, which are oomparatlFely wide, whibt their 
pariotcs are of extreme tenuity. 

CHEMICAL COMPOSITION OF TEETH.* 
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• Selected from the analytic taVies given in the author's 
Ixii.-lxiv. (1840). 



* Odontogmphy," 4to, 'toI. i.iPP- 



The examples are extremely few, and, as far as I know, are peculiar to ihe daas 
Flscesj of calcified teeth, which consist of ft single tissue, and this is always a modifica- 
tion of dentine. The large phaiyngeal teeth of the wrasse {Labrus) consist of a r&rj I 
hard kind of dentine. 

The next stage of complexity is where a portion of the dentine is modified by vas- 
cular eanais. Teeih, thus eompoaed of dentine and Tasodentine, are Tery oomnum in 
fishes. 

The hard dentiae ia always extema^, and holds the place and performs the office 
of enamel in the teeth of higher animals. The grinding teeth of the dugon^^ and the 
corneal teeth of the great spcim-vhale, are examides of teeth eoniposed «f dentine and 
cement, the latter tissue forming a thiek external layer. 

In the teeth of the sloth, and its gfieat extinct congener, the megatherium, the hard 
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dentine is reduced to a thin layer, and the chief bulk of the tooth is made up of a 

central body of yaso-dentine, and a thick external crust of cement 

The hard dentine is, of course, the firmest tissue of a tooth so com- 
posed, and forms the crest of the transverse ridges of the grinding 

surfeu^e, like the onasnel plates in the elephant's grinder. 

The human teeth, and those of the camiyorouBxaammals, appear 

at first sight to be composed of dentine and enamel only ; but their 

crowns are originally, and their fangs are always, covered by a 

thin coat of cement There is also commonly a small central 

tract of osteo-dentine in old teetiL 

The teeth, caUcd compound or complex, in mammalia^ differ 

as regards their composition fi«m the preceding only by the 

different proportion and disposition of the oonstituait tissues. 

Fig. 3 is a longitudinal section of the incisor of a horse ; d\& the 

dentine, e the enamel, and c the cement, a layer of which is 

reflected into the deep central depression of the crown ; s indicates 

the coloured mass of tartar and partifcles of food which fiUs up the 

cavity, forming the " mark" of the horse-dealer. 

A very complex tooth may be formed out of two tissues by 

the way in which these may be interblended, as the result of an 

original complex disposition of the constituents of the dental 

matrix. 

Certain fishes, and a singular feimily of gigantic extinct 

batrachians, which I have called " Labyrinthodonts," * exhibit, as 

the name implies, a remarkable instance of this kind of complexity. 

to be of the simple conical kind, with the 
exterior surface merely striated longitudi- 
nally ; but, on making a toHMweEso section, 
as in Fig. 4, each streak is a ffeaure into 
which the very thin exteoMl layer cf cement, 
<?, is reflected into the body of die toodi, tfol- 
lowing the sinuous ■*iu^ g i 4if tiie Idbe* of 
dentine, d, which divoye fana "Oxb ceateal 
pulp cavity, a. Tlie iafc ct od iM. of cemsnt, 
f , runs straight for abgnftUf aliae, jmd Uicn 
becomes wavy, the wsies ttspBkj iacwMMig 
in breadth as they recede finn flie pen^^asery 
of the tooth; the fiwt two, fcee, «: fcwun- 
dulations are simple, ^ben tibeir efluloiu. itself 
becomes broken by mmSkx or oeeondary 
waves ; these become iitwiRCj : os the fold 
approaches the centre of €he too'th, when it 
increases in thickness^ and finally terminates 
by ft sli^t dilatation or loop dose to the 
pulp-cavity, from which the free margin of 

the infleeted f^ of cement is separated by an extremely thin layer of dentine. The 
oi the inflected oonyerging folds of deitinc is about fifty at the middle of the 
• " Proseedkigf of the Geologitsnl Society," Jaa- 30, X841, p. 257. 
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crown of the tooth, hut is greater at the hase. All the inflected folds of cement, at the 
hase of the tooth, have the same complicated disposition with increased extent ; hut, 
as they approach their termination towards the upper part of the tooth, they also 
gradually diminish in hreadth, and consequently penetrate to a less distance into the 
suhstance of the tooth. Hence, in such a section as is delineated (Fig. 4), it will he 
ohserved that some of the convoluted folds, as those marked c c^ extend near to the centre 
of the tooth ; others, as those marked c', reach only ahout half way to the centre ; and 
those folds, c", which, to use a geological expression, are " cropping out," penetrate to a 
very short distance into the dentiue, and resemhle, in ,their extent and simplicity, the 
converging folds of cement in the fangs of the tooth of the ichthyosaurus. 

The disposition of the dentine, <?, is still more complicated than that of the cement. 
It consists of a slender, central, conical column, excavated, hy a conical pulp-cavity, ff, 
for a certain distance from the hase of the tooth ; and this column sends from its circum- 
ference, radiatiug outwards, a series of vertical plates, which divide into two, once or 
twice, before they terminate at the periphery of the tooth. Each of these diverging 
and dichotomising plates gives off, throughout its course, smaller processes, which stand 
at right angles, or nearly so, to the main plate. They are generally opposite, hut some- 
times alternate ; many of the secondary plates or processes, which are given off near 
the centre of the tooth, also divide into two before they terminate, as at n ; and their 
contour is seen, in the transverse section, to partake of all the undulations of the 
folds of cement which invest them,* and divide the dentinal plates and processes from 
each other. 

Another kind of complication is produced by an aggregation of many simple teeth 
into a single mass. 

The examples of these truly compound teeth are most common in the class of fishes ; 
but the illustration here selected is from" the mammalian class. Each tooth of the Cape 
Fig. 5. ant-eater {Orycteropus), presents a simple form, is deeply 

set in the jaw, but without dividing into fangs; its broad 
and flat base is porous, like the section of a common cane. 
The canals to which these pores lead, contain processes of a 
vascular pulp, and are the centres of radiation of as many 
independent series of dentinal tubules. Each tooth, in 
fact, consists of a congeries of long and slender prismatic 
denticles of dentine, which are cemented together by 
their ossified capsides, the columnar denticles slightly de- 
creasing in diameter, and occasionally biftircating as they 
approach the grinding surface of the tooth. Fig. 5 gives 
a magnified view of a portion of the transverse section of 
the fourth molar, showing c, the cement ; <f, the dentine ; 
and j3, the pulp-cavity of the denticles. 

In the elephant the denticles of the compound molars 

are in the form of plates, vertical to the grinding surface 

''^''^^o^u^o^'''''' and transverse to the long diameter of the tooth. When 

(magnitted). the tooth is bisected vertically and lengthwise, the three 

substances, <f, dentine, e, enamel, and c, cement, are seen interblended, as in Fig. 6, 

in which p is the common pulp-cavity, and r one of the roots of this complex tooth. 

Such are some of the prominent features of a field of observation which Comparative 
Anatomy opens out to our view — such the varied nature, and such the gradation of 
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complexity of the dental tissues, which, up to December, 18(39, continued, notwith- 
Fig. 6. standing successive approximations to.the truth, 

to be described, in systematic works, as a 
"phaneros,'* or "a dead part or product, ex- 
haled from the surface of a formative bulb !"* 

Dental System of Fishes.— The teeth 
of fishes, whether we study them in regard to 
their number, form, substance, structure, situa- 
tion, or mode of attachment, offer a greater and 
more striking series of varieties than do those 
of any other class of animals. 

As to number, they range from zero to count- 
less quantities. The lancelet, the ammocete, the 
sturgeon, the paddle-fish, and the whole order 
of lepkobranchii, are edentulous. The myxinoids 
have a single pointed tooth on the roof of the 
mouth, and two serrated dental plates on the 
tongue. The tench has a single grinding tooth 
on the occiput, opposed to two dentigerous 
pharyngeal jaws below. In the lepidosiren a 
single maxillary dental plate is opposed to a 
single mandibular one, and there are two small 
denticles on the nasal bone. In the extinct 
sharks with crushing teeth, called ceratodus and 

tenodus, the jaws were armed with four teeth, two above and two below. In the 




LONGrrXJDINAL SECTION OP PART OF 
OaiNDEE OF ELEPHANT. 




SKULL OF THE PIKE, SHOWIKO THE TEETH. 



hiinara, two mandibular teeth are opposed to four maxillary teeth. From this low point 

♦ See the Fasciculus of M. deBlainyille's great work, *'Ost&ographie et Odontographie d'Animaux 
Vertebras," which he submitted to the Academy of Sciences of the Institute of France on the same 
day, December 16th, 1839, on which I communicated, on the occasion of my election as corresponding 
member of that body, my "Theory of the development of dentine by centripetal calcification and 
conversion of the cells o^ the pulp.** 
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Fig. 8. 




JAWS ASD TKKTH OP TH K STiaG-S-^T 

{Mytiobatejs). 



the imml>er in different fishes is progtfessively mnltrplied, nntil in the pite (Fig. 7), the 
siluroids, and many other fishes, the month hecomes crowded with countless teeth. 

With respect to form, it may he premised that, as osgamzed beings withdraw 
themselyes mote and more, in their ascent in the scale of lile^ from, tike influence of the 
general polarizing forces, so their parts progressively deyifttc feom gieeaietricai figures : 
it is only, liierefore, in the lowest vertebrated class Aal we find teetik ki Ihie &rm of 
pinfect cubes, and of prisms or plates with three! sidei (as m fnyf^ptnr), firaor aides (as in 
scarm)^ five or six sides (as in mijliobates, Fig. 8). The eona b ihe Boafe eonoonnL fiarBi 

in fishes ; nch taet^ msj be sLeadez, sb&rp- 
pointed, anil so -BoamdiRy moiaeiwia, aaid ciLoeeLy 
aggregate^ as to zoEsemUe the plish or pile of 
velvet. Tbeae ai« called ''viflabirra teeOi'' 
{denies viUifovme*^ Lak ; dmta en vehuray Ft.) 
AU the teeth of the pez(^ aane of thxe kind. 
When the teelSh an eq^aHy fine and mime- 
rous, but longer, these aze e&Eecl '^ciln£>zBi" 
{denies ciliiformes) ; when: the teeth are eiaular 
to but [rather strengez- than these, l&ey are 
called ^^sctiform" {dmUtmt^wmes^ Lat.; d&iita 
en brosse, Fr.) : the te^ m the upper jaw 
of the pike (Fig. 7) are of tiiis kind. Conical 
teeth, as close-set and sharp-pointed as the vil- 
liform teeth, but of larger size, are called "rasp-teeth" {denies raduUformes, Lat. ; dents 
en rape, or en cardes, Fr.) : the pike presents such teeth on the back part of the vomer. 
The teeth of the sheat-fish {Sikirus ffUmis) present all the gradations betweenthe villiform 
and raduliform types. Setiform teeth are common in the fishes thence called Chaetodonts ; 
in the genus Citharince they bifurcate at their free extremities ; in the gemzs Flatax 
they end there in three diverging points, and the cone here merges into the long and 
slender cylinder. Sometimes tiie cone is eompressed into a slender trenchant blade : 
and this may be pointed and reeurved, as in the nmrana; or barbed, as in irichiurus 
and some other Scombereids ; or it may be bent v^n. itself, like a tenter-hook, as in 
the fishes thence called Chmodonts, In the bomto may be pearceived a progressive 
thickening of the base of the cosncal teeth ; and tMs being eomhiaed in other predatory 
fishes with increased s^e and xeeurved directxon, they then resemble the laniary or 
canine teeth of carnivorous quadrupeds, as we see in the lai^ tee<3Lo£ the pike (Fig. 7), 
in the Iq^kios, and m certam shaxka. 

The anterior divergiBg gngsi^ng teeik of the wMSA. (Fig. 9), «, iorm. stronger 
cones ; and by progressive hlundng, flatieniAg, and esEpuialen, <^ the spess, observable 
in different fishes, the cone i^duaBy changes to the thidc and dbort eyliniEer, such te 
is seen in the bock teeth of the wolf-fish, m, and iitsunHsr grinfing and crushing teeth m 
other genera, whether tbe fishes be feeders on seft-weeds, cr^a: ernetaceous and testaeeeus 
animals. The grinding sur&ce of these dnrt eyimdrieal teeth may be eoBvex, as in 
the sheep's-head fish {Sargt^) ; or ibttened, as in the {laryngeal tee(& of the wrasse 
{Lahrus). Sometimes the hemispheric teeth are so numerous, and spread over so broad 
a surface, as to resemble a pavement, as in the pharyngeal bones of the wrasse ; or they 
may be so small, as well as numerous, as to give a granulated surface to the part of the 
mouth to which they are attached, when they are called, in idithyology, denies 
ffremiformes. 
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A progrcsuTc increase of the transrerse over the vertical diameter may he traced in 
the molar teeih of different fishes, and sometimes in those of the same individiial, as in 
labrusj untii tiie cylindrical form is exchanged for that of the depressed phitc. Sndi 
dental plates {denies laineHi/wmes) may be formed not only circular, hut elliptical, oval, 
semiTungry sigmoid, oblong, or even square, hexagonal, pentagonal, or triangular ; and 
the grinding surface may present varioiu and beautiful kinds of scnlpturing. The 
broadest and thinnest Iflmelliform teeth are those that fonn the complex grinding 
tubercle of the diodon. 

In the sharks and lays the teeth are supported by the upper and lower jaws, as in 
most quadrupeds; but many other fishes have teeth growing from the roof of the 
mouth, from the sur£Eice of the tongue, from the bony hoops or arches supporting tho 
gills, and some have them developed from the bone of the nose and the base of the 
skull, in iSbe eop and tench tiic teeth are confined to this latter unusual position, and 
to a pair ^ hones, called " pharyn^al/' which circumacribe the back outlet of the 
moi]idi. 

Hdbei» exhibit, moreover, a greater rmge of variety iatibemode of attachment of 
the ieoQi than any other class of aaaonals. In &e flfanksy aad the singular fish called 
the ''asgler,'' the teeth are mofeable, their haseheii^twdhy ligaments to the jaw. 
In tfifr angler the ligaments ace w» inserted thct they d» not peoHit the teeth to be bent 
outwards beycmdthe verticftl pantion, hut jiM to ftemsare ht the contrary direction, 
by which tho point of ike tootdt may he dinwtod towaids the boek of the mouth ; the 
instenfy hawej^tf that the pressnee is remitted, fte tooth returns thfough the elasticity 
of the bent ligaments, as by the action of a qpriag, to its usual erect positiMi ; the 
degjlnfifSon of the prey of this voracious fish is ihva facilitated, and its escape pp^vcnted. 
The iMmd and generally bifurcate bony hose of the teeth of sharks is attached by liga- 
ments tb the semi-ossified cmst of the ^cartilaginous jaws ; but they have no power of 
erecting or depressing the teeth at will. 

The teeth of the sphynena arc examples of the ordinary implantation in sockets, 
with the addition of a sUg^ anchylosis of the base of the fully-formed tooth with the 
alvMdfir walls ; and the compressed rostral teeth of the saw-fish are deeply implanted 
in sockets; the hind margin of their base is grooved, and a corresponding ridge fiem 
the hack pert of the socket fits into the groove, and gives additional fixatum to the 
tooth. 

The singular and powerfolly developed dental] system of the wolf-fish {.JtmrrJiieas 
lupttty 9%. ft) has been a subject of interest to many anatomista. Most of the teeth 
are jwwaiful cnuhers ; Msnc present the laniary type, with, tiie apices more or less 
recurved and blunted by itse, and eoDsist of strong eones, spread abroad, like grappling 
hooks, at the anterior part of the mouth, t, i. 

The premaxillary teeth, 22, «, are all conical, and arranged in two rows ; there are two, 
three, or four in the exterior row, at the mesial half of the bone, which are the largest ; 
and from six to eight smaller teeth axe irregularly arranged behind. There are three 
large, stnmg, diverging laniaries at the anterior end of each premandibulor bone, and 
immediately behind these an in*egular number of shorter and smaller conical teeth, 
which gradually exchange this form for that of large obtuse tubercles, m, m ; these extend 
backwards, in a double alternate series, along a great part of the alveolar border of the 
bone, and are terminatod by two or three smaller teeth in a single row, the last of 
which again presents the conical form. Each palatine bone, 20, supports a double row of 
teeth, the outer ones being conical and straight, and from four to six in number ; the 
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inner ones two, three, or four in number, and tuberculate. The lower surface of the 
vomer, 13, is covered by a double irregularly alternate series of the same kind of large 
tuberculate crushing teeth as those at the middle of the prcmandibular bone. Thus 
the inside of the mouth appears to be paved with teeth, by means of which the wolf-fish 
can break in. pieces the shells of whelks and lobsters, and effectually disengage the 
nutritious animal parts from them. All the teeth are anchylosed to more or less 
developed alveolar eminences of bones. From the enormous power of the muscles of 

Fig. 9. 




TKETU OP THE "WOLP-FISH {Anarvhicas) . 

the jaws, and the strength of the shells which are cracked and crushed by the teeth, 
their fracture and displacement must obviously be no unfrequent occurrence ; and most 
specimens of the jaws of the wolf-fish exhibit some of the teeth either separated at this 
line of imperfect anchylosis, or, more rarely, detached by fracture of the supporting 
osseous alveolar process. 

Thus, with reference to the main and fundamental tissue of tooth, we find not fewer 
than six leading modifications in fishes. 

Hard or true dentine— Sparoids, labroids, lophius, balistcs, pycnodonts, prionodon, 
sphynena, megalichthys, rhizodcs, diodon, scarus ; 
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Osteodentine — Cestracion, acrodus, lepidosiren, ctenodxis, hybodus, percoids, 
scisBiioids, cottoids, gobioids, sharks, and many others ; 

Vasodcntme — ^Psammodus, chimseroids, pristis, myliobates ; 

Plicideiitme — Lophius, holoptychius, bothriolepis ; and 

D^drodentine— -Dendrodus ; 

Besides the compound teeth of the scams and diodon. 

One structural modification may prevail in some teeth, another in other teeth, of the 
same fish ; and two or more modifications may be present in the same tooth, arising 
from changes in the process of calcification and a persistency of portions or processes of 
the primitive vascular pulp or matrix of the dentine. 

The dense covering of the beak-like jaws of the parrot-fishes {Scari) consists of a 
stratum of prismatic denticles, standing almost vertically to the external surface of the 
jaw bone ; this peculiar armature of the jaws is adapted to the habits and exigencies of 
a tribe of fishes which bi-owse upon the lithophytes that clothe, as with a richly tinted 
carpet, the bottom of the sea, just as the ruminant quadrupeds crop the herbage of the 
dryland. 

The irritable bodies of the gelatinous polypes which constitute the food of these 
fishes' retreat, when touched, into their star-shaped stony shells, and the scari con- 
sequently require a dental apparatus strong enough to break off or scoop out these 
calcareous recesses. The jaws are, therefore, prominent, short, and stout, and the 
exposed portions of the premaxillaries and premandibulars are incased by a complicated 
dental covering. The pol3rpes and their cells are reduced to a pulp by the action of the 
pharyngeal jaws and teeth that close the posterior aperture of the mouth. 

There is a close analogy between the dental mass of the scarus and the complicated 
grinders of the elephant, both in form, structure, and in the reproduction of the com- 
ponent denticles in horizontal succession. But in the fish, the complexity of the 
tritujpating surface is greater than in the mammal, since, from the mode in which the 
wedge-shaped denticles of the scarus are implanted upon, and anchylosed to, the 
processes of the supporting bone^ this likewise enters into the formation of the grinding 
surface when the tooth is worn down to a certain point. 

The proof of the efficacy of the complex masticatory apparatus above described, is 
afforded by the contents of the alimentary canal of the scari. Mr. Charles Darwin, 
the accomplished naturalist and geologist, who accompanied Captain Fitzroy, E.N., in 
the circumnavigatory voyuge of the " Beagle," dissected several parrot-fishes soon after 
they were caught, and found the intestines laden with nearly pure chalk, such being 
the nature of their excrements ; whence he ranks these fishes among the geological 
agents to which is assigned the office of converting the skeletons of the lithophytes 
into chalk. 

The most formidable dentition exhibited in the order of osseous fishes is that which 
characterizes the sphyroena, and some extinct fishes alHed to this predatory genus. In 
the great barracuda of the southern shores of the United States {Sphyrtena harracuda^ 
Cuv.) the lower jaw contains a single row of large, compressed, conical, sharp-pointed, 
and sharp-edged teeth, resembling the blades of lancets, but stronger at the base ; the 
two anterior of theso teeth are twice as long as the rest, but the posterior and serial 
teeth gradually increase in size towards the back part of the jaw ; there are about 
twenty-four of these piercing and cutting teeth in each premandibular bone. They 
are opposed to a double row of similar teeth in the upper jaw, and fit into the interspace 
of these two rows when the mouth is closed. The outermost row is situated on \he 
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itttermaxiSfliy, the iimennoet on the iialatise bones ; there are no teeth on the <yomcr 
or superior maxillary bones. The tvTo anterior teeth in eadh premaxtHary .bone equal 
the opposite pair in the lower jav in siae ; the posterior teeth are serial, namcomts, and 
of small size ; the second of the two anterior large prexsaxiHary teeth is plaeed on the 
inner side of the commencement of the row of small teeth, and is a little inalined 
backwards. The retaining power of all the large anterior teetii is increased by a slight 
poalericn' projection, similar to the bso^b of a fish-hook, btrt smaller. The palati]iel>ones 
(oentadn each nine or ten laneet-diaped teel^, somewhat larger than the posteiior ones 
of the lower jaw. -All these teeth afford good examples of the mode of attaeiiment by 
implantation in sockets, which has 'been denied to exist in fishes. 

The loss or injury to which these deetnictive weapons are liable, in the eenflict 
wliidh the sphyraefna wages wi<3i its living and struggling prey, is repaired by an un- 
interrupited suocessien of new pulps and teeth. The existence of these is indicated .by 
the foramina, which are situated immediately jKwterior to, or on -flie inner margin «f, 
the sockets of the teeth in place; these fiiramina lead to alveoK of reserve, in widch 
the crowns of the new teeth in different stages of development are loosely imbedfied. 
It is in this position of-Qie germs of the teetib: that the ephyraefwid fidies, botii recent 
and fossil, mainly £ffer, as to their dentfitl characters, ^m the rest of the scomberoid 
family, and proportionally approach the saoroid type. 

In all fishes the teeth are shed and renewed, not once only, as in maamscda, but 
frequently during the wliele course of their lives. The maKiHary dental plates of 
lepidosiren, the cyltndrical dental masses of the chimteroid and edaphodoixt -fishes, and 
the rostral teeth of the saw-fish (if these modified dermal spines may be so caUed) aire, 
peibaps, the sole examples of "permanent teeth** to be met with in the whole class. 
In the great majority of fishes, the germs of the new teeth are developed like those of 
the old, from the free surfece of the buccal membrane throughout the isntire peoood of 
succession; a circumstance peculiar to the present class. The angler, the p&e, and 
most of our common ftshes, illustrate this mode of dental reproduction ; it is very con- 
spicuous in the cartilaginous fishes (Fig. 8, e, ^.), in which the witde phalanx of l^ir 
numerous teeth is ever marching slowly forwards in rotatory progress over Ifce ahreolar 
border of the jaw, the teeth being successively cast off as they Tcswh the outer margin, 
and new teeth rising from the mucous membrane behind the rear rank of the phalanx. 

This endless ffuccesaion and decadence of Ifce teeth, together with the vast number 
in which they often co-exist in the same fish, illustrate the law of *' vegetative or irre- 
lative repetition," as it mamfests itself on the fiarst introduction of new organs in the 
animal kingdom, under which light we must view Hie above-described organized and 
calcffied preparatory instruments of digestion in the lowest class of <2ie vertehmte 
series. 

]>e]ital S3r5te]ti of Re^ftUes. — In the class reptilia an entire order {Gketonia)^ 
including the tortoises, terrapenes, and turtles, are devoid of teeth ; but the jaws in 
these edentulous reptiles are covered by a sheath of horn, which in some species is of 
considerable thickness and density; its working surface is trenchant in the carnivorous 
species, but is variously sculptured and adapted for both cutting and bruising in the 
vegetable feeders. No species of toad possesses teeth; neither have the jaws tiie com- 
pensatory covering above described in the ohelonians. Frogs have teefli in the upper 
but not in the lower jaw. Newts and salamanders have te^h. in both jaws, and also 
upon the palate ; and teeth are foimd in the latter situation as well as on the jaws in 
most serpents'^and in the iguana lizard. In most other Uzards and in orocodites the 
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teeih. are^eonfined to -tihe jaws: in the former they are cemented or ancfhylosed to. the 
ja.w ; in the latter they are imftknted in sockets. 

The ^idstxng lizards exhibit many modifications in the form of the teeth aocording to 
ihe nature of the food. They are pointed with sharp cutting edges in the great cami- 
Torous monitor ( Varanus), and are obtuse and rounded like pswring-stones in the herbi- 
vcHTous or mixed feeding scinks, called, on accoimt of the shape of the teeth, oyclodus. 
The gigantic estinct lizards showed similar modifications of their teeth. The mcga- 
losaurus had teeth, which combined thn properties of the knife, the sabre, and the saw 
(Fig. 10). When first protruded above the gum, the apex of the tooth presented a 



Fig. 10. 



double cutting edge of serrated enamel; its position 

and line of xiction were nearly vertical, and its fonu, 

like &at of the two-edged sword, cutting equally on eadi 

side. As the tooth advanced in growth it became curved 

backwards in the form of a pruning-knife, and the edge 

of serrated eoazBel ^w«b continued downwards to the 

base of ;the^v9nc8Te aoidtBiiliting side^of the tooth ; whilst 

on ilie ^oSbbt sicle a jmofinr e%e ftnoNSded but a short 

distoBee^firom the jKnaty^and^e oodjvcx part of the tooth 

.became 'hhmt and'thiek, ns-lSte back of a knife is made 

lidcsk tfoc 'ihs jaqpBB&«f jBBbRimg strenglii. In a tooth 

thns focned ^fi)r cut^ang Jtbng its JceoLcaye edge, each 

mavemieaEtt^i^e jaw combined iSie^power of the knife 

and the ww. The l)ackward om -^ atmr e of the full- 
grown teeth 'autbles them to retain, Kke barbs, the 

prey which they had penetrated. 

In the iguanodon — ^the gigantic contemporary of the 
Ilg. H. megaloaaurus— the crown 

of the teeth (Fig. 11) was 
80 shaped, that after liie 
apex became worn down, A { 
it presented a broad and 
nearly horizontal sor^Eice, 

exposing dental substances of four different degrees of 
density, — ^viz., a ridge of enamel along the outer border 
of tiifi crown ; a layer of hard or unvascular dentine 
next to this ; a layer of softer vascular dentine form- 
ing the inner half of the crown ; and a portion of firm 
i osteo-dentine in the middle of the grinding surface, formed 
I by the ossified remnant of the tooth-pulp. The series 
of (»>mplex teeth, so constructed, seems to have been ad- 
mirably -adapted to t^e cropping and comminution of 
such tough vegetable food as the clathraruB and similar 
now extinct plants, the fossil remains of which are 

NEw-poBire» AND woBN TEBTn fonnd buried with those of the iimanodon. No existing 
reptile now presents so complicated a structure of the tooth 

in rdation to vegetable food. The still more complex,, and indeed marvellous 

structure of the teeth of the extinct gigantic lizard-like toad, called Xabf/rinthodon^ 

has been already noticed (Fig. 4, p. 2^5). But, peihaps, the most singular dental 
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Structure yet found in the ancient members of the class Beptilia, is that presented 
by certain species of fossil found in South Africa, and probably firom a geological for- 
mation nearly as old as our coal strata. I have called them " Dicynodonts," from 
their dentition being reduced to one long and large canine tooth on each side of the 
upper jaw. As these teeth giye, at first sight, a character to the jaws like that which 
the long poison-fangs give, when erected, to the jaws of the rattlesnake, I shall 
briefly notice their characters before entering upon the description of the more normal 
saurian dentition. 

Fig. 12 gives a reduced side view of the skull and teeth of the Bicynodon laeer- 
ticeps. 

The maxillary bone, 21, is excavated by a wide and deep alveolus, with a circidar 
area of half an inch, and lodges a long and strong, slightly curved, and sharp-pointed, 
canine tooth or tusk, which projects 

about two-thirds of its length from ]^' ' 

the open extremity of the socket. 
The direction of the tusks is for- 
wards, downwards, and very slightly 
inwards ; the two converging in the 
descent along the outer side of the 
compressed symphysis of the lower 
jaw, cc. The tusk is principally com- 
posed of a body of compact unvascu- 
lar dentine. The base is excavated 
by a wide conical pulp-cavity, p, 

with the apex extending to about s^llI^vsks op Dicynodon laeerticeps, 

one-half of the implanted part of the 
tusk, and a linear continuation extending along the centre of the solid part of the 
tusk. 

Until the discovery of the rhynchosaurus, this edentulous and horn-sheathed condi- 
tion of the jaws was supposed to be pecidiar to the chelonian order among reptiles ; and 
it is not one of the least interesting features of the dicynodonts of the African sand- 
stones, that they should repeat a chelonian character hitherto peculiar amongst lacertians, 
to the above-cited remarkable extract edentulous genus of the new red sandstone of Shrop- 
shire ; but oiur interest rises almost to astonishment, when in a saurian skull we find, 
superadded to the horn-clad mandibles of the tortoise, a pair of tusks, borrowed, as it 
were, fix)m the mammalian class, or rather foreshadowing a structure which, in the 
existing creation, is peculiar to certain members of the highest organized warm- 
blooded animals. 

In the other rcptilia, recent or extinct, which most nearly approach the mammalia 
in the structure of their teeth, the diflference characteristic of the inferior and cold- 
blooded class is manifested in the shape, and in the system of shedding and succession 
of the teeth ; the base of the implanted teeth seldom becomes consolidated, never con- 
tracted to a point, as in the fangs of the simple teeth of mammalia, and at all periods 
of growth one or more genus of teeth are formed within or near the base of the tooth in 
use, prepared to succeed it, and progressing towards its displacement. The dental 
armature of the jaws is kept in serviceable order by uninterrupted change and succes- 
sion ; but the forming organ of the individual tooth is soon exhausted, and the life of 
the tooth itself may be said to be comparatively short. 
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WITH OKRMS OF SUCCESSORS, OF THE OABRHIAL 

( Oavialis gangeticus) . 



If one of the conical, sharp-pointed, and two-edged teeth of the Gangetic crocodile, 
called "garrhial" by the Hindoos, be extracted, its base will be found hollow, and 
partly absorbed or eaten away, as at «, Fig. 13 ; and within the cavity will he seen the 
half-formed succeeding tooth, b ; at the base of which may probably be 
found the beginning or germ, c, of the successor of that tooth : all the teeth 
in the crocodile tribe being pushed out and replaced in the vertical direction 
by new teeth, as long as they live. The individual teeth increase in size as 
the animal grows; but the number of teeth remains the same from the 
period when the crocodile quits the egg to the attainment of its fuU size 
and age. No sooner has the young tooth penetrated the interior of the old 
one, than another germ begins to be developed from the angle between the 
base of the young tooth and the inner alveolar process, or in the same 

relative position as that in which 
^»'J3. _ its immediate predecessor began 

to rise ; and the processes of suc- 
cession and displacement are car- 
■ ried on, uninterruptedly, through- 
out the long life of these cold- 
blooded camivoif>us reptiles. The 
fossil jaws of the extinct croco- 
diles demonstrate that the same law regulated the succession of the teeth at the 
ancient epochs when they prevailed in greatest numbers, and under the most varied 
specific modifications, as at the present day, when they are reduced to a single 
family. 

The most complex condition of the dental system in the reptile class is that which 
is presented by the poisonous serpents, in which certain teeth are associated with the 
tube or duct of a poison-bag and gland. 

These teeth, called " poison-fangs," are confined to those bones of the upper jaw 
called " maxillary," and are usually single, or, when more, one only is connected with 
the poison-apparatus, and the others are either simple teeth, or preparing to take the 
place of the poison-fiing. Fig. 14. 

To give an idea of the structure of this tooth, we may suppose a 
simple slender tooth, like that of a boa-constrictor, to be flattened, and 
its edges then bent towards each other and soldered together so as to 
form a tube, open at both ends, and inclosing the end of the poison-duct. 
Such a tooth is represented at Fig. 14, where A is the oblique opening 
penetrated by the duct, and v the narrower fissure by which the venom 
escapes. 

The duct which conveys the poison, although it runs through the 
centre of the tooth, is really on the outside of the tooth. The bending 
of the dentine about it begins a little beyond the base of the tooth, 
where the poison-duct rests in a slight groove or longitudinal inden- 
tation on the convex side of the fang ; as it proceeds it sinks deeper 
into the substance of the tooth, and the sides of the groove meet and 
seem to coalesce, so that the trace of the inflected fold ceases, in some 

., •. Ill -.lA .. POISOK-FAXG OF 

species, to be perceptible to the naked eye ; and the fiEUig appears, as it is katti^bnake 
commonly described, to be perforated by the duct of the poison-gland. (Magnified). 
In the viper the line of union may be seen as marked at v, Fig. 14 ; and when such 
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SKULL OF A nXTTLESNAKK 

{Cfrotalus horridua). 




SECTION OF A 
POIBOn-FANG — 
KATTLMNAKE. 



a toolb is carefully divided lengthwise, as in Fig. 15, the true pulp-cavity in the sub- 
stance of the tooth is seen, as at jp jp, to terminate in a point ; and the Fi^. 15. 
poison-canal, as at » t?, to run along the forepart of the singularly 
modified tooth. This tooth is soldered to Ae maxillary bono 
(Fig. 16), which rotates so as to keep the tooth laid flat in the 
mouth at ordinary times, and to erect it when the deadly blow is 
about to be struck. The head of the snake is raised, drawn back, and 
the- fangsj erect, and exposed by the widely open mouth, are struck, by 
the force of the powerful muscles of the head and neck, into the sur- 
face aimed at, the poison-bags at the 
same moment are squeezed, and tJieir 
contents driven tiirough the canal 
in the tooth into the wound. And 
here may be noticed the advantage of 
' having the solid point of the tootii 
prolonged beyond the ontlet of the 
poison canal and not wesdcened by its 
continuation to the apex. 

Dental System .of Mainmala. — The class Mammalia, like 
those of Reptilia and Pisces, includes a few genera and species that 
are devoid of teeth ; the true ant-caters {myrmecopliaga^ the scaly ant-eaters or pan- 
golins {manis), and the spiny monotrematous ont-cat^r {echidna), are examples of 
strictly edentulous mammals. The omithorhynchus has homy teeth, and* the whales 
[bakena and baleenoptera) have transitory embryonic calcified teeth, succeeded by 
whalebone substitutes in the upper jaw. 

The female narwhal seems to be edentulous, but has the germs of two tusks in the 
substance of the upper jaw-bones ; one of these becomes developed into a large and 
conspicuous weapon in the male narwhal, whence the name of its genus, of monodon, 
meaning single tooth. In another cetacean, the great bottle-nose or hyperoodon, the 
teeth are reduced in the adult to two in number, whence the specific name K. bid&us, 
but they are confined to the lower jaw. 

The elephant lias never more than one entire molar, or parts of two, in use on each 
side of the upper and lower jaws ; to which are added two tusks, more or less developed, 
in the upper jaw. 

Some rodents, as the Australian water-rats {Sydronif/s), have two grinders on each 
side of both jaws ; which, added to the four cuttihg teeth in front, make twelve in all ; 
the common number of teeth in this order is twenty, but the hares and rabbits have 
tw«ntr-cight each. 

The sloth has eighteen teeth. The number of teeth, thirty-two, wiieh charac- 
teriJMJS man, the apes of the old world, and the true ruminants, is the average one of the 
class mammalia ; but the typical nimiber is forty-four. 

The examples of excessive number of teeth are presented, in the order Bnita, by the 
priodont annadillo, which has ninety-eight teeth ; and in the cetaceous order by the 
cachalot, which has upwards of sixty teeth, though most of them are confined to the 
lower jaw; by the common porpoise, which has between eighty and ninety teetii; by 
the Gangetic dolphin, which has one hundred and twenty teeth ; and by the true 
dolphins {dclphinus), which have from one hundred to one hundred and ninety toeth, 
yidding the maximum number in the dass Mammalia. 
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FoBML — Where lihe teeth aze in esoeaedTe number, as in tiie spesies aJiovB cited, tbej 
arc small, equal, or sub-equal, and usually of a simple conical form. . . 

In most other mammala'a particular teeth have speeial fanns &r speeial uaes : thus, 
the &ont teeth, from being oonunoiily adapted to efEect thft fiist cooise divisioai of die 
food^ hare been called cutters or inci6cn*s ; and the back teeth, which complete its commi- 
nution, grinders or molars ; large corneal toeth sitoatod behind the incisors, and adapted 
by being nearer Ihe insertion of the biting muaclos to act with greater force, are caiM. 
hedders', tcarers, laniard or more c<9]nmonly canine teeth, from being well developed 
in the dog and other camiyora. 

M<dar teeth, which are adapted for mosticatioiii, have either tuheroulate, or trans- 
versdy ridged, or fiat summits, and usually are either surrounded by a ridge of enamel, 
or are traversed by similar ridges arranged in various patterns. 

The large molars of the capybara and elephant have the crown cleft inta a nume- 
rous scries of compressed transverse plates, oemaited together side by aide. 

The teeth of the mammalia hjwe usually so much more definite and oomplez a fonn 
than those of fishes and reptiles, that three parts axe recognised in them— 122., the 
" fBtajg" the "neck," and the " crown." The fimg or root (radix) is the inserted part; 
the crown {corona) the exposed part ; and the coostidctian which dr^des these is caHed 
the neck {cervix). 

Fixation. — It is peculiar to tho elate mammaJia to have teeth implanted in soekets 
by two or more &ings ; but this can only happen to teeth of limited growi^ and generally 
characterizes the molars and premolars ; perpetually growing taetii require the baoe to 
be kept simple and widely excavated for the persistent pulp. In no mamiferoua animal 
does anchylosis of the tooth with the jaw eonsdtute a normal mode of attachment 
Each tooth has its particular socket, to which it firmly adheres by the close co-adap1»- 
tion of thor opposed surfaces, and by the firm adhesion of Ihe alveolar perioahRum to 
the organised cement whidi invests the £u^ or fangs of tifie tooth. 

True teeth implanted in sockoto' aze confined, in the mammaliaa ckiss, to the . 
maxifiary, premaxiUflry, and mandibular, or lower maxiUary bones, and form a single 
row in each. They may project only fi»m the premozillary bones, as in the narwhal^ 
or only firom the lower maxillary bone, as in ziphius ; or be apparent only in tiie 
lower maxiUary bone, as rii the cachalot ; or be limited to the superior and inferior 
maxillaries, and not present in the premaxillai-ies, as in the true pecora (cow, sheep), 
and most bruia (sloth, armadillo) of Liniueus. In general, teeth are situated in all the 
bones above-mentioned. In man, where the premaxiUarics eadly coalesce with the 
maxillary bones, where the jaws are very short and the crowns of the teeth are of 
equal length, there is- no vacant space in the dental series o£ either jaw, and the teeth 
derive some adfUtional fixity by l^eir close a^ositioi^and mutual ^^saure. No inferior 
mammal now presents this character ; but its im^rtance, as associated with the peculiar 
attributes of the human organisation, has been somewhat diminished by the discovery 
of a like contiguous arrangement of the teeth in the jaws of a few extinct quadrupeds, 
e.g.', anopkdierium, nesedon, and didiodon* 

STRUcrxntB. — Tho teeth of the mammalia usually consist of hard unvaeeular 
dentine, defended at the crown by an investment of enam^, and everywhere 
sunxranded hy a coat of cement. The coronal cement is of extreme tenuity in 
man, qnadrumana, and the terrestrial camivora ; it is thicker in the herbivora, 
especially in Ac complex grindem of the elephant. Vertical fi)WB of enamel and 
cemexd^ penrtrato the crowcn of the tooth in Hm ruminants, and in most xndflots 
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and pachyderms, characterizing by their various forms the genera of the last two 
orders. 

The teeth of the sloths, armadillos, and sperm-whales have no true enamel. The 
tusks of the narwhal, walrus, and elephant consist of modified dentine, which in the 
last great proboscidian animal is properly called " ivory," and is covered by cement. . 
The forming-organ of a mammalian tooth consists, as in the lower classes, of a pulp 
and a capsule. The substance of the pulp is converted into the " dentine ;" that of the 
capsule into the " cement." Where enamel is to be added, a peculiar organ is formed 
on the inner surface of the capsule, which arranges the hardening material into the 
form, and of the density, characteristic of enamel. This substance is so hard in the 
tooth of the hippopotamus, as to "strike fire" like flint with steel. The whole 
forming-organ is called " matrix." 

The matrix of certain teeth does not give rise during any period of their formation 
to the germ of a second tooth, destined to succeed the first ; this tooth, therefore, when 
completed and worn down, is not replaced. The sperm whales, dolphins, and porpoises 
are limited to this simple provision of teeth. In the armadillos and sloths, the want of 
germinative power, as it may be called, in the matrix is compensated by the persistence 
of the matrix, and by the uni^^iterrupted growth of the teeth. 

In most other mammalia, the matrix of the first-developed tooth gives origin to the 
germ of a second tooth, which sometimes displaces the first, sometimes takes its place 
by the side of the tooth from which it has originated. All those teeth which are 
displaced by their progeny are called temporary, deciduous, or milk teeth ; the mode 
and direction in which they are displaced and succeeded — viz., from above downwards 
in the upper, from below upwards in the lower jaw : in both jaws vertically — are the 
same as in the crocodile; but the process is never repeated more than once in any 
mammiferous animal. A considerable proportion of the dental series is thus changed ; 
the second or permanent teeth having a size and form as suitable to the jaws of the 
adult as the displaced temporary teeth were adapted to those of the young animal. 

The permanent teeth, which assume places not previously occupiedby deciduous ones, 

are always the most posterior in their position, and generally the most complex in their form. 

The term " molar," or " true molar," is restricted to these teeth ; the teeth between 

them and the canines are called " pre- 
molars :" they push out the milk-teeth 
that precede them, and are usually of 
smaller size and simpler form than the 
true molars. They are called " bicuspids" 
in human anatomy. 

Thus the class mammalia, in regard 
to the times of formation and the suc- 
cession of their teeth, have been divided 
into two groups :— the monophyodontSy* 
or those that generate a single set 'of 
teeth; and the diphyodontSjf or those 
that generate two sets of teeth. 
, . _ _ I proceed next to notice the principal 

JA-WS AND TEKTH OP THE LIOK. ,.5 ,. « ., , , ^^if»^ 

modifications of the teeth, as they are 
adapted to carnivorous, herbivorous, or mixed feeding habits in the diphyodont mamniiplin 
» fA6voSf once ; ^^, i generate ; dovs, tooth. t 5is, twice ; ^6u and oiovi. 
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The lion may bo taken as the type of the flesh-feeders (Fig. 17}. 

The largest and most conspicuous teeth in this and other feline quadrupeds are the 
** canines," c; ihey are of great strength, deeply implanted in the jaw, with the fang 
thicker and longer than the enamelled crown : this part is conical, slightly recurved, 
sharp-pointed, convex in front, almost flat on the inner side, and with a sharp edge 
behind. The lower canines pass in front of the upper ones when the mouth is 
closed. 

The incisors, six in number on both jaws, form a transverse row ; the outermost 
above, t, is the largest, resembling a small canine : the intermediate ones have broad 
and thick crowns indented by a transverse deft. 

The first upper premolar, jp 2, is rudimental : there is no answerable tooth in the 
lower jaw. The second, j9 3, in both jaws has a strong conical crown supported on 
two fangs. The third upper tooth, p 4, has a cutting or ticnchant crown, divided 
into three lobes, the last being the largest, and with a flat inner side, against which the 
cutting tooth, m 1, in the lower jaw works, like a scissor-bladc. Behind, and on the 
inner side of the upper tooth, p 4i, there is a small tubercular tooth, ml. A glance at the 
long and strong, sub-compressed, trenchant, and sharp-pointed canines, suffices to appre- 
ciate their peculiar adaptation to seize, to hold, to pierce and lacerate a struggling prey. 
The jaws are strong, but shorter than in other camivora, and with a concomitant reduc- 
tion in the number of the teeth : thus the canines are brought nearer to the insertion 
of the very powerful biting muscles (called "temporal" and "masseter"), which work 
them with proportionally greater force. The use of the small pincer-shaped incisor 
teeth is to gnaw the soft, gristly ends of the bones, and to tear und scrape off the ten- 
dinous attachments of the muscles and the periosteum. The compressed trenchant 
blades of the sectorial teeth play vertically upon each others' sides, like the blades of 
scissors, serving to cut and coarsely divide the flesh ; and the form of the joint of the 
lower jaw almost restricts its movement to the vertical direction, up and down. The 
wide and deep zygomatic arches and the high crests of bone upon the skull concur in 
completing the carnivorous physiognomy of this most formidable of the feline tribe. 

The dentition of the hyena assumes those characteristics which adapt it for the pecu- 
liar food and habits of the adult. The main modification is the great size and strength 
of the molars as compared with the canines, and more especially the thick and strong 
conical crowns of the second and third premolars in both jaws, the base of the cone 
being belted by a strong ridge which defends the subjacent gum. This form of tooth 
is especially adapted for gnawing and breaking bones, and tiie whole cranium has its 
shape modifled which work the jaws and teeth in this operation. 

The strength of the hysena's jaw is such that, in attacking a dog, he begins by 
biting off his leg at a single snap. Adapted, however, to obtain its food from the coarser 
parts of animals which are left by the nobler beasts of prey, the hyena chiefly seeks the 
dead carcass, and bears the same relation to the lion which the vulture does to the eagle. 
The hyiena cracks, crushes, and devours the bones as well as the softer parts of the ani- 
mals it preys upon. In consequence of the quantity of bones which enter into its food, the 
excrements consist of solid balls of a ycUowish-white colour, and of a compact earthy 
fracture. Such specimens of the substance, known in the old " Materia Medica " by the 
name of " album gnscum," were discovered by Dr. Buckland in the celebrated ossiferous 
cavern at Kirkdale. They were recognised at flrst sight by the keeper of a menagerie, 
to whom they were shown, as resembling both in form and appearance the £»ce8 of the 
spotted hywna ; and, being analyzed by Dr. WoUaston, were found to be composed of 
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the ingredients that might he expected in fsBcal matter derived Scorn hones — ^viz., phos- 
phate of Kme, carbonate of lime, and a yery small proportion of the triple phosphate of . 
ammonia and magnesia. This discovery of tire coprolites of the hyaena formed, 



Fig. 18. 




VSXI.I* AUBTRJUM OF TU.K MOBSE. 



perhaps, the strongest of the links in that chain 
of evidence by which Dr. Buckland proved that the 
cave at Kirkdale, in Yorkshire, had been, during a 
long succession of years, inhabited as a den by 
hyasnas, and that they dragged into its recesses 
the other animal bodies, whose remains, splintered, 
and bearing marks of teeth of the hyaena, were 
found mixed indiscriminately with their own. 

Before quitting the camrvorous order, the pecu- 
liar development of the upper canines of the morse 
or walnis deserve to be noticed. The staple food 
of this laa^e modified seal is shell-fish, crustaceansj 
and sea- weed, which arc pounded to a pulp by 
its small, obtuse molar teeth. The canines (Fig. 
18), c, exist only in the uj^er jaw, where they 
are imbedded in deep and large prominent sockets, 
whence they sweep down, slightly incurved, form- 
ing large and long tusks, which serve as weapons of attack and defence, and as instru- 
ments in aid of climbing the floes and Fig. 19. 
hummocks of ice, amongst which the 
walrus passes its existence. 

In t3ie order of mammalia, called 
gnawers or rodents, some of which, 
e.ff^.y the rat, are mixed feeders, but 
most of them herbivorous, the canine 
teeth are wanting in both jaws, and 
the incisors, reduced to two in num- 
ber, are the seat of that excessive and 
uninterrupted growth, which makes 
them alKed to tusks. 

These incisors (Fig. 19), i, are curved 
the upper pair describing a larger part 
of a smaller circle, the lower ones a smaller part of a larger circle, the latter being the 
longest, and usually having their sockets extending from the fore to the back part of the 
undter jaw. The tooth consists of a body of compact dentine, with a plate of enamel laid 
upon its anterior or convex surface, and the enamel commonly consists of two layers, of 
which the anterior and external one is the densest. Thus the substances of the incisor 
diimniish In hardness from the front to the back part of the tool3i. The wear and tear 
fromr the reciprocal action of the upper and lower incisors produce, accordingly, an 
oblique surface, sloping from a sharp anterior margin formed by the denser enamel, 
like that which, in a chisel, slopes from the sharp edge formed by the plate of hard steel 
laid' on the back of that tool, whence ihcse teeth have been called " chisel-teeth" {denies 
sea^rarii). Their growtii never ceases while the animal lives, and the implanted part 
retaiiis the form and size of the exposed part, and ends behind in a widely open or hollow 
base, which contains a long^ conical, persistent forming pulp. This law of unlimited 




SKULL AND TKETH OF A POECUPmJB. 



Digitized by 



Google 



TE£TU OF THE ROa>£IIT ICAMXALIA. 283 



growth is unoonditioiial, and coBatant ezereise and abrasioii are required to TiwuTitam 
the normal form and servioeahle proportions of the scaipidfonn. teeth, of the rodents. 
When, by accident, an opposing incisor is lost, or when, hy the distorted union of a 
broken jaw, the lower incisors no longer meet the upper ones, as sometimes happens to 
a wounded hare or rabbit, the incisors continue to grow until they project, like the tusks 
of the elephant, and the extremilaesy in the poor animal's attempts to acquire food, also 
become pointfld Jite ^aake.. Fd^wingi, tha euxre yseacnbodi to their growth by the form 
of their aa^ai;^ tbair TfuaoA^ oftBH xstmBt wf^fixnsL wantt paj^ of the head, are passed 
throi3^- tbe t^a^ eamae. alidussptina of the. hoa% acd!. p«ha|»s: agaia cuter the mouth, 
rondiinhg mostlicfltion im|aractaeable, and easising death by starnUion. In the Museum 
of the GoUege of Sta*geaiifi there is a lower jaw of a bearer, in which the scalpriform 
incisor has, by muzheoked growth, described a complete circle ; the point has pierced 
the massetcr muscle, entered the back of the mouth, and terminated close to the bottom 
of the socket containing its own hollow root. 

The diffiaweaeeinrtiig diet oi IJie radant foadmpeds. has* been alluded to ; there is a 
corresponding difieEeaofl- in t&« mode <ji inq^kntataon of tibeir molar teeth. Those which 
subsist on mixed food^ and which, li&a the rats, betray a tendency to carniyorous habits, 
or which subsist, like squirrels, on the softer and more nutritious vegetable substances, 
as the kernels of nuts, suiSer less rapid abrasion of the grinding teeth ; a less depth of 
crown is, therefore, needed to perfoim the office of mastication during the brief period 
of life allotted to these active little mammals ; and, as the economy of nature is mani- 
fested in the smallest particulars as well as in her grandest oporations, no more dental 
substance is developed after the crown is formed than is requisite for the firm fixation 
of the tooth in. tike jaw. 

The rodents that exclusively subsist on vegetable substances, especially of the 
coarser emd less nutritions kinds, as herbage, ibUage, and the bark and wood of trees, 
wear away more rapidly the grinding suif ace of the moiar teetii ; the crowns are, 
therefore, larger, and their growth continues by a reprodncticm of the formative matrix 
at their base m proportion as its calcified constituents, forming the working part of the 
tooth, are wonk away. So long as this reprodnctive force is active, the molar tooth is 
implanted, like the incisor, by a long, undivided continuation, of the corown. These 
rootless and perpetually growing mcdars are always more <^ less curved, for they 
derive from this form the same adv.antage as the incisors, in the relief of l^e delicate 
tissues of the active vascular matrix from the efiects of the pressure which would 
otherwise have been transmitted more direcHyfnnn the grinding surface ; the capybara, 
and the Patagonian hare (Doliekotis), afford good examples of this more complex con- 
dition of the grinding teeth. 

The variety in the pattern of the folds of enamel liiat penetrate tiie substance of the 
tooth, and add to its triturating power, is almost endless ; but tiie fc>]ds have alwa^'s 
a tendtincy to a transverse direction across the enown of the tooth in the rodent?. This 
diiectioQ relates to the shape of the joint of the lower jaw, which almost restricts it to 
horizontal movements to and fro, during the act of mastic:^iein. In the true hoofed 
herbivorous animals, in which the joint of the lower jaw allows a free rotatory move- 
ment, the fdLds of enamel ta^ce other forms and directions, with modifications, constant 
in each genna^ and characteriistie of such. 

The home is here selected as* an example oi micb herinverons dentition (Fig. 20). 
The gtindmgteeth are six in number, on each side of both upper and lower jaws, with 
thick square crowns of great length, and deeply implanted in the sockets, those of the 
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upper jaw being sliglitly curved. When the summits or exposed ends of these teeth 
begin to be worn down by mastication, the interblended enamel, dentine, and cement 




oniXDiKo sr&PAcsi of the vppkh axd lowkb molars of a horse. 

show the pattern figured in Cut 20 ; it is penetrated from within by a valley, entering 
obliquely from behind forwards, and dividing into or crossed by the two crescentic 
valleys, which soon become insidated. There is a large lobe at the end of the 
valley. The outer surface of the crown is impressed by two deep longitudinal 
channels. In the lower jaw the teeth are narrower transversely than in the upper jaw, 
and are divided externally into two convex lobes, by a median longitudinal fissure ; 
internally they present three principal imequal convex ridges, and an anterior and pos- 
terior narrower ridge. All tiie valleys, fissures, and folds in both upper and lower 
grinders are lined by enamel, which also coats the whole exterior surface of the crown. 
Of the series of six teeth in each jaw, the first three, p 2, 3, 4, are premolars, the rest, 
m 1, 2, 3, are true molars. !" 

The canines are small in the horse, and are rudimental in the mare ; the unworn 
crown is remarkable for the folding in of the anterior and posterior margins of enamel. 
The upper canine is situated in the middle of the long interspace between the incisors 
and molars ; the lower canine is close to the outer incisor, but is distinguished by its 
more pointed form. The incisors are six in number in both jaws ; they are arranged 
close together in a curve, at the end of the jaw ; the crown is broad, and the contour 
of the biting surface, before it is much worn, approaches an ellipse. The incisors of 
the horse are distinguished from those of ruminants by their greater length and cur- 
vature, and frt)m those of all other animals by the fold of enamel (Fig. 3), a, which 
X>enetrates the crown from its flat summit, like the inverted finger of a glove. When 
the tooth begins to be worn, the fold becomes an island of enamel, inclosing a cavity 
partly filled by cement, and partly by the substances of the food, and is called the 
<< mark." In aged horses the incisors are worn down below the extent of the fold, and 
the " mark" disappears. This cavity is usually obliterated in the first or mid incisors 
at the sixth year, in the second incisors at the seventh year, and in the third or outer 
incisors at the eighth year, in the lower jaw. The mark remains somewhat longer in 
the incisors of the upper jaw. 
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The followiiig is the average course of development and succession of the teeth in the 
horse {Equus caballus) : — The summits of the first functional deciduous molar, d 2, " first 
grinder " of veterinary authors, are usually apparent at birth ; the succeeding grinder, 
d 3, sometimes arises a day or two later, sometimes together with the first. Their 
appearance is speedily followed by that of the first deciduous incisoi^— " centre nipper " 
of veterinarians — ^which usually cuts the gum between the third and sixth days. The 
second deciduous incisor appears between the twentieth and fortieth days, and about 
this time the rudimental grinder, p 1, comes into place, and the last deciduous molar, 
d 4, begins to cut the gum ; about the sixth month the inferior lateral, or third incisors, 
with the deciduous canine, make their appearance. The minute canine is shed about 
the time that the contiguous incisor is in place, and is not retained beyond the first 
year. The upper deciduous canine is shed in the course of the second year. The first 
true molar, m 1, apx>ears between the eleventh and thirteenth months. The second 
molar follows before the twentieth month. The first functional premolar, p 2, displaces 
the deciduous molar, d 2, at from two years to two years and a half old. The first 
permanent incisor protrudes from the gum at between two years and a half and three 
years. At the same period, the penultimate premolar, p 3, pushes out the penultimate 
milk molar, d 3, and the penultimate true molar comes into place. The last premolar 
displaces the last deciduous molar at between three years and a half and four years ; 
_. ^. the appearance above the gum of the last 

true molar, m 3, is usually somewhat earlier. 
The second incisor pushes out its deciduous 
predecessor about the same period. The 
permanent canine, or "tusk," next follows ; 
its appearance indicates the age of four 
years, but it sometimes comes earlier. The 
third, or outer incisor, pushes out the 
deciduous incisor about the fifth year, but 
is seldom in full place before the horse is 
five and a half years old. Upon the rising 
of the third permanent incisor, or " comer 
nipper" of the veterinarians, the "colt" 
becomes a " horse," and the " fiUy," a 
"mare," in the language of the horse- 
dealer. After the disappearance of the 
" mark " in the incisors, at the eighth or 
ninth year the horse becomes " aged." 

The most complex condition of teeth 
adapted to a vegetable diet is that presented 
by the elephant. The dentition of the 
genus Elephaa includes two long tusks 
(Fig. 21), one in each of the intermaxillary 
bones, and large and complex molars (t3.), 
m 3, 4, and 5, in both jaws ; of the latter 
there is never more than one wholly, or 
two partially, in place and use on each 
side at any given time, for the series is 
continually in progress of formation and destruction, of shedding and replacement ; 
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and all the griudefs succeed one another, like true malars, horusootaSyj, :&ciml>ehmd 
fiarwaid. 

2 , 2 '7 JT 
The total number of teeth developed in the elephant appears to he * tt— jj» *^^^~~j =^2, 

the two large pennanent indBors being x>^eoeded hy two small doeidwnis oneS) and ihc 
-number o£ molar teeth which follow one another on each side of :both jaws being sev^en, 
or at least six, of which the last 'three may, hy analogy, be regarded as aBswering to 
the true molars of other pachyderms. 

The incisors not only sorpass other teeth in size, as belonging to a quadruped 
so enormous, hut thoy are the largest of all teeth in proportion to the size of <9ie body, 
representing, in a natural state, those monstrous tusks of the rodents, which ai-c the 
result of accidomtal suppression of the wealing force xff the opposite teeth. 

The tusks of the elephant consist chiefly of tiiat modifieation xf£ 4enl3ne 
that is .eaiUed ^^ ivory,'' amd which shows, on transverse fractures er seetaoos, strisD 
proceeding in the arc of a circle from the centre to the circram£»^nce, -in opposite 
directions, and forming by their decussations curvilinear lozenges. This >d»saoter 
is peculiar to ihe tusks of the proboscidian pachyderms. 

In the Indian elephant lire tusks are always short and straight in -the female, 
and less deeply imphmted than in the male; .she thus r^aining, as rusual, more 
of the characters of the inmuctore state. In the male they have been Imown 
to acqirire a length of nine feet, with a basal diameter of eight inches, and to 
weigh one hundred and £fty pounds ; but these dimensions are rare in the 
Asiatic species. 

A mammoth's tusk has been dredged up off Dungeness which measured eleven feet 
in length.* Jn several of the instances of mammoth's tusks from British strata, the 
ivory has been so little altered as to be fit for the purposes of manufacture ; and the 
tusks of the mammoth, which are still better preserved in the -^fieozen drift of Siberia, 
have long been collected in great numbers as articles of commerce. In the account of 
the mammoth's bones and teeth of Siberia, published in the " FKlosophical Transac-' 
tions " for 1737, No. 446, tusks are cited which weighed two himdred pounds each, 
«nd " are used as ivory, to make combs, boxes, and such oflier things, being but little 
more brittle, and easily turning ycHow by weather and heat." From that time to the 
present there has been no intermission in the supply of ivory, rftimished by the tusks of 
the extinct elephants of a former world. 

The musket-balls and other foreign bodies which are oecamonally found in ivory, 
are immediately surrounded by osteo-dentine in greater or lews ^antity. It has often 
been a matter of wonder how such bodies should become compiBtely imbedded in the 
substance of the tusk, sometimes without any visible aperture, or how leaden bullets 
may have become lodged in the solid centre of a verj' large tusk without having been 
flattened. The explanation is as follows : — a musket ball, aimed atthe head of an ele- 
phant, may penetrate the thin bony socket and the thinner ivory ^rietes of the wide 
conical pulp-cavity occupying the inserted base of the tusk ; if the projectile force be 
there spent, the ball wiU gravitate to the opposite and lower side of the pu^Ncavity, as 
indicated in Fig. 21. The presence of the foreign body exciting inflammatten «f the 
pulp, an rrr^ular 'course of calcification ensues, which results in the deposition around 
the ball of a certain thi(^ess of osteo-dentine. The pulp then resuming its healthy 
state and functions, coats the surface of the osteo-dentine inclosing the ball, together 
• Owon's «'HistoT3r of British Fossil Mammnlia," 8vo, IS«, p 244. 
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with Ute lost ai the conical (samky into irkki^ that mass prafeots, ^tk le^enof 
nomial i¥OTy. 

The poortiaQfi of lihe cement-forming capsule surrounding the base of the tusk, and 
the port of l^e pulp, which were perforated by the ball in its passage, are mom replaced 
by the aetiye Tepaiative power of these hi^^y vascular bodies. The hole fazmcd by 
the ball in the base of the tusk is then more or less completely filled up by a^&ick coat 
of coDfint from without, and of ostoo-^dentine &om within. 

By the continaiBd progress of growth, the :baIl\so inclosed is carried Joniairclsyitt the 
course indicated by the arrow in Fig. .21, to (As middle of the solidified .esserted. part 
of the tusk. Should the ball have penetrated ^^ithe base of the tukk of a yooag ^Asgprhant, 
it may be cazxied forwards by the tminteizng^ted growth and wear of the toak, tuitil 
that base has heiiieime the apex, and be ^nadly eaepoBod and discharged by 'Qsb xBea^Saaal 
abrasion to ^e^hicli ike apex of the tusk is subjected. 

I had ihe tn& «nd pulp of the gxeat elephsmt at the Zoological ^ardeis longitudi- 
nally dmdfid, saesk after the death of that Bnimskl in the summer of 1847. vAI^umgh 
the pulp GmUfi be eaaly detached from the inner surface of the pulp^eayit^, it was Jiot 
without a-ofloHudn sesistance ; and when ^he edges ^ the co-adapted pulp and -tofltth were 
examined by a «tnmg lens, the filamentary processes from the outer surfajse of the pulp 
could be seen atsetehing as they were wilMnnm from the dentinal .tubes he&re ,thcy 
broke. Hieyjue so minute that, to the naked ^e, the detached siii^&oe t<tf the pulp 
seems to be oitise, and Cuvier was thus deceived in concluding thai itSiere was no 
organic coxmeotbn between the pulp and the ivory. 

The molw teeth of the elephant are remarkable for their great size, evendn relation 
to the bulk of the animal, and for the extreme complexity of their structure. The 
crown, of which a great proportion is buried in the socket, and very little more than the 
gxsndiDgeiir&ce appears abore the gum, is deeply divided into a number of IzuHSveTse 
perpendicular ^ates, consisting each of a body of dentme, coated by a layer of esamel, 
e, and this agam by i^e less dense bone-like substance, e, which fills the intersipiaees of 
the enamelled -j^tes, and here more especially merits the name of "eemcnt," since it 
binds together the several divisieiis of the crown before they are fcdly formed arid uttited 
by the oonfiuonee of their bases ist^ a 'eommon body of dentine. As the growth of each 
plate begins at the mnumt, they remain detached, and like so many separate teeth or 
dcnlicules, until their base is completed, when it becomes blended with the bases of 
centigiiouB pSaixs to fatm tilie common body of the crown of the esomplex tooth, from 
whieh the roots are next developed. 

The plates of the molar teeth of the Siberian nmmmoth {Eltphas prifftiffmiwf^yCFig. 
22), are thinner in proportion to their breadth, and are generally a little expanded at 
the middle : and they are more numerous in proportion to the size of the crown thandn 
the existing species of Asiatic. elephant (i^.) In the African elephant (»i.), on the other 
hand, the lamellar divisions of the crown ai*e fewer and thicker, and they expand more 
uniformly frtmi the margins to the centre, yielding a lozenge-form when eat^^a^ worn 
traofflvisiBely, as in mastication. 

The formation of each grinder begins with the summits of the anterior fdate, and 
the restiaxe completed in succession; the tooth is gradually advanced in posilitoir as its 
grofwih proceeds ; imd in the existing In<fian elephant the anterior plates -are hronght 
into use befiHre ^c posterior ones are formed. When the complex molar oiste -&e 
gum, the <}ement is firstrn^bed off the digital stunmits ; then their enamel cap is wom 
away, and the central dentine comes into |day with a prominent -enamel ri&g; tihe 
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digital proctwacfl are ne^t ground down to their commoiL uniting base, and a tranfiversc 
trtiLt of dentine, with its wavy border of eniimcli iA eacpoaed ; finally^ the transTerse plat^is 
^ tHcmselved arc abraded 

"^ to theii' common base 

ofdentine, andaBmooth 
and polished tract of thn t 
snbstoiice is produced. 
From this Ijftfiifltho roots 
Oif the mohir are deve* 






Asiatic. 

Fif* 22. — JiOL\ii TEinn of ELr^PHANra at^p the si be ai an ai^ajiOTrx, 

lop<id and increaae in length to keep the worn crown unthe jii indinc Icyl^I, until thereppo- 
ductiye force is exhausted. When the whole extent of a grinder has successively come 
into play, its last part is reduced to a long fang supporting a smooth and polished field 
of dentine, with, perhaps, a few remnants of the bottom of the enamel folds at its 
hinder part. When the complex molar has been thus worn down to an uniform sur- 
fjGu:e, it becomes useless as an instrument for grinding the coarse vegetable substances 
on which the elephant subsists ; it is attacked by the absorbent action, and the wasted 
portion of the molar is finally shed. 

The grinding teeth of the elephant progressively increase in size, and in the number of 
lamellar divisions from the first to the last ; they succeed each other from behind forwards, 
moving, not in a right line, but in the arc of a circle, shown by the curved line in Fig. 
21. The position of the growing tooth in the closed alveolus, m, 5, is almost at right 
angles with that in use, the grinding surface being at first directed backwards in the 
upper jaw, and forwards in the lower jaw, and brought by the revolving course into a 
horizontal line in both jaws, so that they oppose each other when developed for use. 
The imaginary pivot on which the grinders revolve is next their root in the upper jaw, 
and is next the grinding smface in the lower jaw ; in both, towards the frontal surface 
of the skull. Viewing both upper and lower molars as one complex whole, subject to 
the same revolving movement, the section dividing such whole into upper and lower 
portion runs parallel to the curve described by the movement— the upper being the 
central portion, or that nearest the pivot; the lower, the peripheral portion. The grind- 
ing sur&ce of the upper molars is consequently convex from behind forwards, and that 
of the lower molars concave ; the upper molars are always broader than the lower ones. 
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The bony plate forming the sockets of the growing teeth is more than usually 
distinct from the body of the maxillary, and participates in this revolving course, 
advancing forwards^ with the teeth. 

Siicce88ion,^As the rate of increase, both of size and in the number of the com- 
ponent plates of the grinding tooth, is nearly identical in both jaws, it will suffice to 
briefly describe the teeth and the periods at which they successively appear in the 
lower jaw of the Asiatic elephant. 

The frit molarf which cuts the gum in the course of the second week after birth, 
has a sub-compressed crown, nine lines in antero-posterior diameter, divided by three 
transverse clefts into four plates, the third being the broadest, and the tooth here 
measuring six lines across ; the base slightly contracts, and forms a neck as long as the 
enamelled crown, but of less breadth, and this divides into an anterior and posterior, 
long, sub*cylindrical, diverging, but mutually incurved fangs ; the total length of this 
tooth is one inch and a half. The corresponding upper molar cuts the gum a little 
earlier than the lower one : the neck of this tooth is shorter, and the two fangs are 
shorter, larger, and more compressed than those of the lower first molar. The first 
molar of the elephant is the homologue of the probably deciduous molar (Fig. 25), 
^ 2, in other ungulates ; it is not a mere miniature of the great molars of the mature 
animal, but retains, agreeably with the period of life at which it is developed, a 
character much more nearly approaching that of the ordinary pachydermal molar, 
manifesting the adherence to l^e more general type by the minor complexity of the 
crown, and by the form and relative size of the fangs. In the transverse divisions of 
the crown we perceive the affinity to the tapiroid type, the different links connecting 
which with the typical elephants are supplied by the extinct lophiodons, dinotheriums, 
and mastodons. The subdivision of the summits of the primary plates recalls the 
character of the molars, especially the smaller ones, of the phacochere in the hog tribe. 
As the elephant advances in age the molars rapidly acquire their more special and 
complex character. 

The first molars are completely in place and in full use at three months, and arc 
shed when the elephant is about two years old. 

The sudden increase and rapid development of the second molar may account for 
the non-existence of any vertical successor, or " premolar," to the former tooth, in the 
elephant. The eight or nine plates of the crown are formed in the closed alveolus, 
behind the first molar by the time this cuts the gum, and they are united with the body 
of the tooth, and most of them in use, when the first molar is shed. The average 
length of the second molar is two inches and a half, ranging from two inches to 
two inches and nine lines. The greatest breadth, which is behind the middle of the 
tooth, is from one inch to one inch three lines. There are two roots ; the cavity of 
the small anterior one expands in the crown, and is continued into that of the three 
anterior plates. The thicker root supports the rest of the tooth. The second molai- 
is worn out and shed before the beginning of the sixth year. 

The third molar has the crown divided into from eleven to thirteen plates; it 
averages four inches in length, and two inches in breadth, and has a small anterior, 
and a very large posterior root ; it begins to appear above the gum about the end of the 
second year, is in its most complete state and extensive use during the fifth year, and 
is worn out and shed in the ninth year. The last remnant of the third molar is shown 
at m 3 (Fig. 21). It is probable that the three preceding teeth are analogous to the 
deciduous molars, d2ydZ, and d 4, in the hog (Fig. 25). 
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The fourth moiar -preaenis a uaErked supennity of sise OTer tke third, and a some- 
what different form ; the antericNr ang^e is more oblie[uel7 abraded, giTrng a pentagcmal 
figure to the tooth in the upper jaw (Fig. 21), m 4. The number of plates in the crown 
of this tooth is fifteen or sixteen, its length between seven and eight inches, its breadth 
throe inches. It has an anterior simple and slender root supporting the three first 
plates, a second of larger size and bifid, supporting the four next plates, and a largo 
contracting base for the remainder. The fore-part of the grinding suifaee of this tooth 
begins to protrude through the gum at the sixth year ; the tooth is woam awayv and its 
last remnant i^ed, about the twentieth or twenty-fifth year. It may be regarded as the 
homologue of the first true molar of ordinary pachyderms. (Fig. 26), m 1. 

The Jifih molar, with a crown of from seventeen to twenty plates, measures 
between nine and ten inches in length, and about three inches and a half in hroadth. 
"Old second root is more distinctly separated firom the first simple root than from the 
large mass behind. It begins to appear abovo the gum about the twentieth year ; its 
duration has not been ascertained by observation, but it probably is not shed before 
the sixtieth year. 

The sixth molar is the last, and has from twenty-two to twenty-seven plates; 
its length, or antero-posterioor extent, following the curvature, is from twelve to 
fifteen inches ; the breadth of the grinding surface rarely exceeds three inches and 
a.half. One may reasonably conjecture that the sixth moUir of the Indian elephant, if it 
make its appearance about the fiftieth year, would, from its superior depth and length, 
continue to do the work of mastication until the ponderous pachyderm had passed the 
century of its existenoe. 

Dcirelopaieiit. — The long^mistaken phenomena of the formation of the dental 
substances will be here, described as they have been observed in the large teeth of the 
elephant ; if the description be comprehended in regard to these^ the most convex, 
members of the dental system, the true theory of dental development will be readily 
understood in regard to all the various forms and gradations of teeth. The matrix, or 
formative organ of the tusk, consists of a large conical pulp, which is renewed qiiioker 
than it is converted, and thus is not only preserved, but grows, up to a certain period 
of the animal's life ; it is lodged in the cavity at the base of the tusk ; this base is 
surrounded by the remains of the capsule, a soft vascular membrane of moderate thick- 
ness, which is confluent with the border of the base of the pulp, where it reoerves its 
prindpal vessels. 

Each molar of the elephant is formed in the interior of a membranous sac — ^the 
capsule, the form of which partakes of that of the friture tooth, being cubical in the first 
molar, oblong in the last, and rhomboidal in most of the intermediate teeth; but 
always decreasing in vertical extent towards its posterior end, and closed at all points, 
save where it is penetrated by vessels and nerves. It is lodged in an osseous cavity of 
the same form as itself and usually in part suspended freely in the maxillary bone, the 
bony case being destined to form part of the socket of the tooth. The exterior of the 
membranous capsule is simple and vascular, as shown at m 5, Fig. 21 ; its internal 
sw&ce gives attachment to numerous folds or processes, as in most other ungulate 
animals. 

The dentinal pulp rises from the bottom of the capsule, or that part which lines the 
devest part of the alveolus, in the form of transverse parallel plates extending towards 
tiiat part of the capsule ready to escape from the socket. These plates adhere only to 
tl^ bottom of the capsule ; their opposite extremity is free frt>m all adhesion. This 
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aumnit i& thinner than, the base ; it might be termed the edge of the pkte ; but it ia 
notched^ or diTided into many digitsd processes. The tissue of these digitated plates is 
identieal -with tiiat of the dentinal pulp of simple Mammalian teeth ; it becomes also 
hi^y yascvdar at the parts where the formatioiu of the dentine is in aetive pmgiess. 

Prooeases of the capsule descend from its summit into the interspaces of the dentinal 
pulp*^ateS) and consequeatly reseiiKble them in form ; but they adhere not only by 
their base'ta the suirface of the capsule next the mouth, but also by their lateiaL margins 
to the sides of the caxmle, and thus resemble partition-nrallB, confining each plate of 
the detttitia]' pulp to its prober chamber ; the nungin of the partition opposite its 
attached hase:is^&ee ia the interspace of the origins of the dentinal pulj^plates. 

Tk» enamel oDgan^ ifhich Ouvier appears to haye recognised under t^ name of the 
intenml layer of the capsule, is distiQgui&hable by its light blue aub-transpaisent colour 
and tisual mioroseopio texture, adhering to the troQ eai&uce of the pairtitiona formed by 
the true inner layer cSE tibe- capsule. Although the enamel-pulp be in close contact with 
the dentinal pulp prior to the commencement of the formation of the tooth, one may 
readily ooneeive a vacwity between them, which is oontiaued umnterruptedly, in many 
ibldings, between all the gel«4±aou8 plates of the dentazial pnlp, and the partitions 
formed by the combined enamel^pulp and the folds of the capsule. According to the 
excretion yiew, this delicate apparatus must have been immediately subjected to the 
violence of being compressed in the unyielding bony box, by the depositl.on of the 
dense matters of the tooth in the hypothetical vacuity between the enamel and dentinal 
pulps ; a process of absorption must have been conceived to be set on foot immediately 
that the altered conditicm of the gelatinous secreting organs took place ; and, according 
to Cuvier^s hypothesis, the secretiog function must be supposed to faAv^e proceeded, 
without any irregularity or inteiruption, while the process of absorption was superin- 
duced in the same part to relieve it from the effects of pressure produced by iis own 
secretion. 

The foisnation of the dentine commences immediatdy beneath the membratta propria 
of the pulp ; a port whkh Cuvier distinctly recognised, and which he accurately traced 
as presermg its rdative situation between the dentine and enamal throughout the 
whole formation of the dentine, and discernible in the completed tooth ^* as a very fine 
grayish line, which separates the enamel from the internal substance " or dentine. 

The eabificatlon and cimversion of the cells of the dentinal pulp commence as usual 
at the pei^ezal parts of the lamelUform processes furthest from the attached base. It 
may readily be conceived, therefore, that, at the commencement, there is formed a 
little cap upon each of the processes into which the edges of the pulp-plates are divided. 
As the orattripetal calcification proceeds the caps are ccmverted into horn-shaped cones. 
When 'it has rteached the bottom of the notches of the edge of the pulp-plate all the 
cones become imited together into a single transverse plate ; and, the process of con- 
version having reached the base of the pulp-plate, these plates coalesce to form a common 
baas to the crown of the tooth, which would then present the same eminences and 
notches ihsA eharaoteriaed the gelatinous palp, i^ during the period of oonversioo, 
other substances had not been formed upon the surface and ia the interspaces. of the 
pulp*plates. 

Goincidenit, however, with the formation of the dentine, is the depoffltaon of the 
hardenii^ salts of the ^uunel in the extremely slender prismatic cells, which are for the 
most part vertical to the plane of the inner siu&ce of the folds of the cspmle to which 
they are attached. The true inner part ef the capsule forms those tbicktrsmsvarse folds or 
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partitions which support the enamel organ, and with it fill the interspaces of the dentinal 
pulps. "With regard to the formation of the cement, Cuvier, after citing the opinion of 
Tenon — ^that it was the result of ossification of the internal layer of the capsule, and 
that of Blake — that it was a deposition from the opposite surface of the capsule to that 
which had deposited the enamel, states his own conviction to be that the cement is 
produced by the same layer and by the same surfoce as that which has produced the 
enamel. The proof alleged is, that so long as any space remains between the cement 
and the external capsule, that space is found to contain a soft internal layer of the 
capsule with a free surface next the cement. The phenomena could not, in fact, be 
otherwise explained according to the '^ excretion theory " of dental develoianent. To 
the obyious objection that the same part is made, in this explanation, to secrete two 
different products, Ouvier replies, that it undergoes a change of tissue : " "Whilst it 
yielded enamel only it was thin and transparent; to give cement it becomes thick, 
spongy, and of a reddish colour." The external characters of the enamel organ and 
cement-forming capsule are correctly defined ; only, the one, instead of being converted 
into the other, is in fact changed into its supposed transudation; the enamel fibres 
being formed, and properly disposed in the direction in which their chief strength is to 
lie, by the assimilatiye properties of the pre-arranged elongated prismatic non-nucleated 
cells, which take from the surrounding plasma the required salts, and compact them in 
their interior. 

Whilst this process is on foot, and before the enamel fibres are firm in their position, 
the capsule begins to undergo that change which results in the formation of the thick 
cement ; the calcifjring process commences from several points, and proceeds centrifu- 
gally, radiating therefrom, and differing from the ossification of bone chiefly in the 
number of these centres, which, though close to the new-formed enamel, are in the 
substance of the inner vascular sur&ce of the capsular folds. The cells arrange them- 
selves in concentric layers around the vessels, and act like those of the enamd pulp in 
receiving into their interior the bone-salts in a dear and compact state. During this 
process they become confluent with each other, their primitive distinctness being 
indicated only by their i>crsistent granular nuclei, which now form the radiated 
Purkingian capsules. The interspaces of the concentric series of confluent cells become 
filled with the calcareous salts in a rather more opaque state, and the conversion of the 
capsule into cement goes on, according to the processes more particularly described in 
the Introduction to my " Odontography," until a continuous stratum is formed in close 
connection with the layer of enamel. 

Calcification extending from the numerous centres, the different portions coalesce, 
and progressively add to the thickness of the cement, until all the interspaces of the 
coronal plates and the whole exterior of the crown are covered with the bone-like 
substance. The enamel-pulp ceases to be developed at the base of the crown, but the 
capsule continues to be formed, pari poMu with the partial formation of the pulp, as tilus 
continues, progressively contracting, fix)m the base of the crown, to form, by its calci- 
fication, the roots. The calcification of the capsule going on at the same time, a layer 
of cement is formed in immediate connection with the dentine. The circumscribed 
spaces at the bottom of the socket to which the capsule and dentinal pulp adhere, 
where they receive their vessels and nerves, and which are the seat of the progressive 
fbimation of these respective moulds of the two dental tissues, become gradually 
contracted, and subdivided by the further localization of the reproductive forces to 
particular spots, whence the subdivision of the base into roots. The surrounding bone 
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undergoes corresponding modifications, growing and filling np the interspaces left by 
the dividing and contracting points of attachment of the residuary matrix. All is 
subordinated to one harmonious law of growth by vascular action and cell-forma- 
tion, and of molecular decrement by absorption. Mechanical squeezing, or drawing 
out, has no share in these changes of £he pulp or capsule ; pressure at most exer- 
cises only a gentle stimulus to the vital processes. Cuvier believed that there were 
places where the dentinal pulp and the capsule were separate from each other. I have 
never found such, except where the enamel-pulp was interposedbetween them in the crown 
of the tooth, or where both pulp and capsule adhered to the periosteum of the socket, 
below the crown. Cuvier affirms that the number of fangs of an elephant's molar 
depends upon the number of points at which the base of the gelatinous (dentinal) pulp 
is attached to the bottom of the capsule ; and that the interspaces of these attachments 
constitute the under part of the crown or body of the tooth, the attachments themselves 
forming the first beginnings of the fangs. True to his hypothesis of the formation of 
the dental tissues by excretion, he says that the elongation of the fangs is produced by 
two circumstances : first, the progressive elongation of the layers of osseous substance 
(dentine) which force the tooth to rise and emerge from its socket ; secondly, the thicken- 
ing of the body of the tooth by the addition of successive layers to its inner surface, 
which, filling up the interior cavity, leaves scarcely room for the gelatinous pulp, and 
forces it down into the interior of the roots. 

This pulling up of the fang on the one hand, and squeezing down the pulp on the 
other, are forces too gross and mechanical to be admitted in actual physiology to explain 
the growth of the root of a tooth or of any other organized product ; such modes of 
explanation were, however, inevitable in adopting the "excretion theory" of dental 



There are few examples of organs that manifest a more striking adaptation of a 
highly complex and beautiful structure to the exigencies of the animal endowed with it, 
than the grinding teeth of the elephant. "We perceive, for example, that the jaw is not 
encumbered with the whole weight of the massive tooth at once, but that it is formed 
by degrees as it is required ; the division of the crown into a number of successive 
plates, and the subdivision of these into cylindrical processes, presenting the conditions 
most favourable to progressive formation. But a more important advantage is gained 
by this subdivision of the tooth ; each part is formed like a perfect simple tooth, having 
a body of dentine, a coat of enamel, and an outer investment of cement. A single digital 
process may be compared to the simple canine of a carnivore ; a transverse row of these, 
therefore, when the work of mastication has commenced, presents, by virtue of the dif- 
ferent densities of their constituent substances, a scries of cylindrical ridges of enamel, 
with as many depressions of dentine, and deeper external valleys of cement ; the more 
advanced and more abraded part of the crown is traversed by the transverse ridges of 
the enamel inclosing the depressed surface of the dentine, and separated by the deeper 
channels of cement : the fore part of the tooth exhibits its least efficient condition for 
mastication, the inequalities of the grinding surface being reduced, in proportion as the 
enamel and cement have been worn away. This part of the tooth is, however, still 
fitted for the first coarse crushing of the branches of a tree : the transverse enamel 
ridges of the succeeding part of the tooth divide it into smaller fragments, and the 
posterior islands and tubercles of enamel pound it to the pulp fit for deglutition. '^ 

The structure and progressive development of the tooth not only give to the de- 
phanfs grinder the advantage of the uneven surface which adapts the millstone for its 
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olffice, but, «t the same time, secure the constant presence of the most efficient anange- 
ment for tiie €ner otmuninufeioii of the food, at the part of the mouth which is nearest 
the^Miees. 

In the tuaks of -the Sfaaiodon gigaiHeu» the outer layer of cement is rehttiyely thicker 
than in the tusks of the mammoth, or in those of the Iiuiian elephant. The general 
character of the mievoscopic structare of the ircny of the mastodon's tusk is the same 
as that of the elephant. 

By the minuteness andckrae arrangement of the dentinal tabes, and especially by their 
strongly undulating secondary curves, a toagher and more dastic tissue is jiroduced 
than results £rom their disposition in ordinary dentine ; and the modification which 
distinguishes ^^ irory" is doubtless essential to the due degree of cohercnoe of so lax^ a 
mass as the elephant's tusk, projecting so far from the supporting socket \ and to be 
frequently ap]^ed in dealing hard blows and thrusts. 

Itatli of the Megatheximii.— The megatherium (6r. tMstas^ great ; therim, beast), 
so called from its colossal size — ^being as large as the elephant, and even surpassing that 
hugest of existing quadrupeds in some of its proportions — ^was once an inhabitant, and 
apparently in some numbers, of the American continent, especially its southern diyi* 
sion, and subsisted on a similar kind of food to the elephants, viz., the smaller branches 
and leaves of trees ; but all the genera and species of megatherioid beasts are now 
extinct. Nevertheless, from the fossil remains of the megatiierium the anatomist is able 
imerringly to deduce the nature of its food and many of its ,peciiliar habits ; and also 
to bring to Ught a system of dentition, designed, like that of the elephants, for the service 
of orosbing and masticating a coarse vegetable diet throughout a long-protracted indivi- 
dual existence ; and yet, by a modification of the formative processes and economy of 
the teeth, quite different from those that have been adopted for the same ends in the 
elephant tribe. 

In these, as has been shown, the supply of a masticating apparatus, to serve the 
requirements of a gigantic animal during one or perhaps two centuries of existence, was 
provided by a succession of afferent molar teeth presenting the due complexity of 
structure. In the megatherium the same end was obtained by a perpetual growth of 
the same oomplex molar teeth— the different dental substances being formed at and 
added to the base of the tooth, in proportion as they were ground down at .the eocposed 
'swmait. 

The true number of teeth was determined by a removal of the mineral substances 
adhering to the surfiice of a portion of a fossU skull of a megatherium, brought by 
Mr. Charles Darwin frssai South America (Fossil Mammalia of the ^^ Voyage of the 
Beagle," 4to, 1840, p. 102). The animal has not, as in the elephant, any tusks : its 
teeth are molars or grinders exclusively ; they are five in number on each side of the 
upper jaw, and four on each side of tiie lower jaw— eighteen in all. All these teeth are 
remarkable for their great length in proportion to &oir breadth or thiokness, being 
from eight to ten inches in length, and between two and three inches only in breadth. 
They are very deeply implanted in the jaw, and the lower jaw has a quite peculiar 
form, in order to acquire the requisite room for the lodgment oi Ihe lower teeth and 
their ^^ matrices," or f(xmative organs. 

The next peculiarity to be noticed in these remarkable teeth is the great length of 
the conical cavity at their base, for lodging the part of the matrix called the " pulp ;" 
the apex of the pulp^avity rising as fiir as the part of the tooth where it emerges from 
the socket. A transverse fissure is continued frrom this apex to Uie middle ooncavity of 
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the gnuding flui&ee of tibe tooih, whifih is thus dirnded iato two halyes. Eaoh of these 
halves consists of three di8tiBiQtmih8tai]ioe8^-*A central ooluam of ^^yaso^entine," a peri- 
pheral eoid nearly equally thidc layar of ^' oenieiit," and an intermediate tiiinner sirahim 
of true or ''hard dentine/' This latter has heen described as being enamd ; but it-is only 
analogous to that differently coaerfahited and hsvte substance in ibiB compound teeth 
of the el^kani, in regard to its reUtlve sitoatiQay and its degree of density to the other 
constitiicaits of the tooih of 4^e megatiuerium. 

No species of the order called "Bruta" or ''Edentata," to which ihe e^nct 
megalliexium belongs, has true enamel entering into the composition of its teeth ; but 
the modifications of structure which the teeth present in the different genera of this 
order aie coaaiderable, and their complexity is not less tibian that of the ^lameHed teeth 
of the herbivorous, ruminant, and odier hoofed animals, in consequence of the intro- 
duction of a dental substance — i^e "yaso-dentine" — inix) their composition, analogous 
in structufe to that of the teeth of the Myliokxtes and odier cartilaginous fishes. The 
cement of the megatherium's tootiii differs from the yaso-dentine in the larger size and 
wida: interspaces of its medullary canals, and by the presence of radiated bone-cells in 
their interspaces ; but Aey are brought into organic communication with each other, 
not mdy by means of liie tubes of ooarse dentine, but by occasional continuity of the 
vascular canals across that substance. The tooth of the megatherium thus offars an 
unequivocal example of a course of nutriment from the dentine to the cement, and reci- 
procally ; so that the main substance or body of the tooth can obtain the requisite supply 
for its languid vitality from the vessels of the capsule as weU as from those of the pulp. 

The conical cavity at the base of the tooth attests the large size, and demonstrates 
the form of the persistent pulp in the living megatherium : Hie diameter of its base is 
equal to the part of the tooth which, is farmed by the combined dentine and vaso- 
dentine. From the gradual thinning off and final disappearance of those substances as 
they reach Hie base of the tooth, it may be inferred that both were formed at the 
expense of the pulp. The fine dentinal tubes must have been established and calcified 
in the peripheral layer of -die pulp, whidi layer must have been whoUy so converted 
into the dentine ; but as the deposition of tbe hardening salts proceeded in the rest cf 
the pulp^ certain tracts of that soft and vascular substance were left unealcified, to form 
the medullary or vascular canals which characterize tiie vaso*dentine. The space 
between the inserted base of the tooth and the waUs of the soefcet indicates the thick- 
ness of the dental capsule, by the ossi&ation of which the exterior layer of cement was 
fimned ; and tliis modification of the tooth-fonning organ in the megatherium permitted 
the progressive addition of eomont, as Hie persistence of the compound pulp occasioned 
the uninteirupted and oantxnoous formation of Hie harder dentine, which is analogous 
to the enamel in Hie elephant's grinder. 

In all essential diaracters the teeth of the megatherium repeat, on a magnified 
scale, the dental peculiarities of the sloth ; and since, from a similarity of the form, 
number, kinds, and structure of teeth, a similarity of food is to be inferred, it may be 
conelnded that the leaves and soft suoculent sprouts of trees formed the staple diet of 
the megatherium, and of the cogzmte and contemporary megalonyx and myiodon, as of 
the existing sloths. The ononnous claws of those great extinct sloth-like quadrupeds, 
to judge by the fossorial. (digging and sccatdiizig) character of the powerfal mechanism 
of the limbs that worked them, were. employed, not, as in the sloHis, to carry the animal 
to its food, but to bring the food wiHiin the reach, of Hie animal, by uprooting the trees 
on which it grew. 
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? 

In the remains of the megatherium we have evidence of the frame^oik of a 
quadruped equal to the task of undermining and tearing down the largest trees in a 
tropical forest. In the latter operation it is obvious that the immediate application of 
the anterior extremities to the trunk of the tree would demand a corresponding fulcrnm 
to be effectual ; and it is the necessity for an adequate basis of support and resistance 
to such an application of the fore-extremities which gives the explanation of the 
seemingly anomalous development of the pelvis, tail, and hinder extremities of the 
megatherium and its extinct allies. No wonder, therefore, that their type of structare 
should be so peculiar ; for where shall we now find quadrupeds equal, like them, to the 
habitual task of uprooting trees for food ! 

Teeth of the Anoplothezivm,.— Of the extinct quadrupeds with hoofs, and 
which were consequently herbivorous, the species restored by Cuvier from foeal 
remains discovered in the quarries at Montmartre^ near Paris, was one of the most 
ancient. The great comparative anatomist called it anoplotheriumy from the Greek 
words signifying ^' weaponless,'* because it had neither horns nor tusks. It was, how- 
ever, characterized by the most complete system of dentition ; for it not only possessed 
incisors and canines in both jaws, but these were so equably developed that they fonned 
one unbroken series with the premolars and molars, which character is now found only 
in the human species. 

o q % 1 A 4 

The dental formula of the genus Anoplothmum\a expressed by — i- — -^c- — :zjp— — j 

3—3 1—1 4—4 

O Q 

m — — ^ 44, signifying that it had, on each side of both upper and lower jaw% three 

incisors, one canine, four premiolars, and three true molars ; in all, forty-four teeth. 

Those teeth which are transitorily manifested in the embryo state of some ruminants, 
as the upper incisors and canines and the anterior premolars, p 1, were in the andent 
anoplothere retained and raised to a proportional equality of size and function with the 
rest of the teeth. The true molars had a broad grinding surface, with enamel-covered 
crescentic lobes, remotely resembling those of the existing ruminants. In some of the 
smaller species of anoplotherium the ruminant type of grinding surface was more dosdy 
adhered to, and the fossil lower jaws of such species, as e. g, of the JDiehohune cervmvm 
have been mistaken for those of a ruminant, and have been referred to the genus 
Moschus. One of these interesting transitional extinct quadrupeds, described in the 
^^ Geological Journal," for 1847, imder the name of Dichodon, had forty-four teeth in 
one iminterrupted series, and of the same kinds, as in the anoplothere ; but the teeth 
there marked p 4, and tn 1, upper jaw, I have ascertained to be '^ milk-teeth." 

Teeth of Ruminants. — The even^toed or artiodactyle UnfftUata superadd the 
characters of simplified form and diminished size to the more important and constant one 
of vertical succession in their premolar teeth. These teeth, in the ruminants, represent 
only the moiety of the true molars, or one of the two semi-cylindrical lobes of which 
those teeth consist, with at most a rudiment of the second lobe. An analogous 
morphological character of the premolars wiU be found to distinguish them in the den- 
tition of the genus Sua (Fig. 25, j9 2, ^ 3, j» 4), in the hippopotamus and in the phaeth 
chcsrm or wart-hog, where the premolar series is greatly reduced in number : yet this 
instance of a natural affinity, manifested in so many other parts of the organization of 
the artiodactyle genera, has been overlooked in F. Cuvier's work above cited, although 
it is expressly designed to show how such zoologioal relations are illustrated by ti^ 
teeth. 
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Most of the deciduous teeth of the ruminants resemble in form the true molars ; the 
last, e. g.y has three lobes in the lower jaw like the last true molar. When, therefore, 
the third grinder of the lower jaw of any new or rare ruminant shows three lobes, the 
crowns of the premolars should be sought for in the substance of the jaw below these, 
and aboTe their opponents ia the upper jaw ; and thus the true characters of the per- 
manent dentition may be ascertained. 

The deciduous molars are three in number on each side, and, being succeeded by as 

3—3 



many premolars, the ordinary permanent molar formula is p -, 



-3' *" i^Z 



but there 



is a rudiment of an anterior milk-molar, rf 1, in the embryo fallow-deer, and in one of 
the most ancient of the extinct ruminants {dorcatheriumy Kaup) the normal number 
of premolars was fully developed. 

The molar series of all the Biphyodonts is naturally divisible into only two groups, 

premolars and molars ; the typical number of these is — - , — ; and each individual 



tooth may be determined and symbolized throughout the series, as is shown in the 
instances under Cut 25. 

Seal Tzibe. — {FhocidiB).— There is a tendency to deviate from the ferine number 
of the incisors ia the most aquatic and piscivorous of the Musteline quadrupeds, 
viz., the sea-otter {enhi/dra)^ in which species the two middle incisors of the lower 
jaw are not developed in the permanent dentition. In the family of true seals, the 
incisive formula is further reduced, in some species even to zero in the lower jaw, 

Q Q 

and it never exceeds — — -. [.All the phoeida possess powerful canines ; only in the 

aberrant walrus are they absent in the lower jaw; but this is compensated by the sin- 
gular excess of development which they manifest in the upper jaw (Fig. 18) . In the pinni- 
gradc, as in the plantigrade, family of carnivores, we find the teeth which correspond to 
true molars more numerous than in the digitigrade species, and even occasionally rising 
to the typical number, three on each side ; but this, in the seals, is manifested in the 
upper, and not, as in the bears, in the lower jaw. The entire m<dar series usually 
includes five, rarely six teeth on each side of the upper jaw, and five on each side of 
the lower jaw, with crowns, which vary little in size or form in the same individual ; 
they are supported in some genera, as the eared seals {otaria)^ and elephant seals (cpato- 
phora), by a single fang ; in other genera by two fangs, which are usually connate in 
first or second teeth ; the fang or fangs of both incisors, canines and molars, are always 
remarkable for their thickness, which commonly surpasses the longest diameter of the 
crown. The crowns are most commonly compressed, conical, more or less pointed ; 
in a few of the largest species they are simple and obtuse, and particularly so in 
the walrus, in which the molar teeth are reduced to a smaller number than in the true 
seals. In these the line of demarcation between the true and false molars is very 
indefinitely indicated by characters of form or position ; but, according to the instances 
in which a deciduous dentition has been observed, the first three permanent molars in 
both jaws succeed and displace the same number of milk molars, and are consequently 
premolars; occasionally, in the seals with two-reoted molars, the more simple character 
of the premolar teeth is manifested by their fangs being connate, and in the Stenor- 
hynehtta serridens the more complex character of the true molars is manifested in the 
crown. In the Stmorhynehtta leptonyx each molar tooth in both jaws is trilobed, the inte- 
rior and posterior accessory curving towards the principal one, which is bent slightly 
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baokwBrds ; all the divisions are shaip-pointed, and tiie crown of each, molar thus 
resemhks the trident or fiahing-spear ; the two fangs of the first molar in both jaws are 
connate. In the Stenorhynehm serridens the three anterior molars on each side of both 
jaws axe four-lobed, there being one anterior and two postenor accessory lobes.; the 
remainii^^ posterior molars (true molars) are fiye-lobed, the principal cusp having one 
small lobe in &ont, and three developed &om its posterior margin ; the summits of the 
lobes are obtuse, and the posterior ones are recurved like the principal lobe. Sometimes 
the third molar below has three instead of two posterior accessory lobes. OccasionaUy, 
also, the second, as well as the first molar above, has its fangs connate : but the essen- 
tially duplex nature of the seemingly single fang, wbich is unfailingly manifested within 
by the double pulp-cavity, is always outwardly indicated by the median longitudinal 
opposite indentations of the implanted base. 

Teeth of Quadrnmana. — The chief aim of comparative anatomy being the 
better comprehension of the structure of man, we shall finally describe those modifica- 
tions of the dental system which throw more immediate light on the nature of the 
teeth in the human subject, and which are met with, as might be expected, in the order 
{Quadrumana) of mammalia that makes the nearest approach to that represented by the 
genus kmno. 

Through a considerable part of the quadrumanous series, e. g.y in all the apos and 
monkeys of the Old World, in all the genera indeed which are above the lemurs (cat- 
monkeys and slow monkeys) of Madagascar, the same number end kinds of teeth are 
present as in man ; the first deviation being the disproportionate size of the canines 
and the concomitant break or " diastema" in the dental series for the reception 
of their crowns when the mouth is shut. This is manifested in both the chim- 
panzees and orangs, together with a sexual difference in the proportions of the canine 
teeth. 

In that large ape of tropical Africa, called the " goriUa" {Troglodytes goriUa)^ which 
m some important particulars more resembles man than does the smaller kind of chim- 
panzee (Troglodytes niger), the dentition seems to approach nearer to the carnivorous 
type, at least in the full-grown male (see Fig. 50, p. 261). It is nevertheless strictly 
quadrumanous in its essential characters, as in the broad, flat, tubcrculate grinding 
Buifaces of the molar teeth ; but in the minor particulars in whidi it difikrs from the 
dentition of the orang, it approaches nearer the human type. In the upper jaw the middle 
indsors arc smaller, the lateral ones larger than those of the orang ; they are thus more 
nearly equal to each other ; nevertheless the proportional superiority of the middle pair 
is much greater than in man, and the proportional size of the four incisors both to the 
entire skull and to the other teeth is greater. Each incisor has a promineoit posterior 
basal ridge, and the outer angle of the lateral incisors, i 2, is rounded off as in the 
orang. The incisors incHno forwards from the vertical line as much as in the great 
orang. The characteristics of the human incisors are, in addition to their true incisive 
wedge-like form, their near equality of size, Iheir vertical or nearly vertical position, 
and small relative size to the other teeth and to the entire skull. The diastema, between 
the incisors and the canine on each side, is as well marked in the male chimpanzee as 
in the male orang. The crown of the canine (t^.), c, passing outside the interface 
between the lower canine and premolar, extends, in the male Troglodytes gorilla, a litlk 
below the alveolar border of the under jaw when the mouth is shut : the canines in 
both jawa are twice the si^e of those teetii in the female gorilla. 

Both premolars are bicuspid ; the outer cusp of ^e first and the inner cusp of the 
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second being Hie largeet, and the first premolar consequently appearing the largest on 
an extenud ^ew. The anterior external angle of the first premolar is not produced as 
in the orang, i^hioh in this reject makes a nuizked approach to the lower qtutdrummia. 
In man, where the outer curve of the premolar part of the dental series is greater than 
the xDDfir one, the outer cusps of both premolars are the largest ; the alternating supe- 
riority of size in the <!3Eampaneee accords with the straight line which the canine and 
premolars form with the true molars. 

The three true molars are quadricuspifl, relatively larger in comparison with the 
bicuspids than in the orang. In the first and second molars of both species of 
(^impansee a low ridge connects the antero-intemal with the postero-external cusp, 
orossisg the crown obliquely, as in man. There is a feeble indication of the same ridge 
in the nnwOTn molars of the orang ; but the four principal cusps are much less distinct, 
and the whole grinding surface is flatter and more wrinkled than in the chimpanzee. 
The repetition of the stroxig sigmoid curves, which the unworn prominences of the 
first and second true molars present in man, is a very significant indication of the near 
affinity of the gorilla and the chimpanzee, as compared with the approach made by the 
orangs or any of the inferior quadrumana^ in which the four cusps of the true molars 
rise distinct and independently of each othor. The premolars as weE as molars are 
severally implanted by one internal and two external fangs, diverging, but curving 
towards each other at their ends as if grasping the substance of the jaw. In no variety 
of the human species are the premolars normally implanted by three fangs ; at most 
the root is bifid, and the outer and inner divisions of the root are commonly connate. 
It is only in the black yarieties, and more particularly that race inhabiting Australia, 
that I have foimd the wisdom tooth, or ladt true molar, with three fangs aa a general 
rule ; and the two outer ones are more or less confluent. 

The molar series in both species of chimpanzee forms a straight line, with a slight 
tendency in the upper jaw to bend in the opposite direction to the weU-marked curve 
which the same series describes in the human subject. This difference of arrange- 
ment, with the more complex implantation of the premolars, the proportionally larger 
size of the incisors as compared with the molars ; the still greater relative magnitude 
of the canines ; and, above aU, the sexual distinction in that respect illustrated by the 
skull of the fiill-grown male gorilla (Fig. 50, p. 261), stamp the chimpanzees most 
decisively with not merely specific but generic distinctive characters as compared with 
man. For tiie teeth are feudiioned in their shape and proportions in the dark 
reoesses of their closed formative alveoli, and do not come into the sphere of operation 
of external modifying causes, until the fiill size of the crowns has been acquired. 
The formidable natural weapons, with which the Creator has armed the powerful 
males of both species of chimpanzee, form the compensation for the want of that 
psyt^eal 'capacity to forge destructive iiiustruments which has been reserved as the 
exolusiTe prerogative of man. Both chimpanzees and orangs differ from the human 
subject in the order of the development of the permanent series of teeth ; the second 
molar, m 2, oomes into place before cither of the premolars has cut the gum, and the 
last molar, m 3, is acquired before the canine. "We may well suppose that the larger 
grinders are earlier required by the feugivorous chimpanzees and orangs than by the 
hi^er organized omnivorous species with more numerous and varied resources, and 
probaMy one main condition of the earlier dev^pment of the canines and premolars in 
man may be their smaller relative size. 

InUlie'South American quadmmana the number of teeth is increased to thirty-six. 
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by an addition of one tooth to the molar series on each side of both jaws. It might be 
concluded, d priori, that as three is the typical number of true molars in the placentBl 
mammalia with two sets of teeth, the additional tooth in the eebirue would be a premolar, 
and form one step to the resumption of the normal number (four) of that kind of teetit 
The proof of the accuracy of this inference is giyen by the state of the dentition in any 
young spider-monkey {Atelea), or Capucin-monkey {Osbua), which may correspond with 
that of the human child in Fig. 26, i. e., where the whole of the deciduous dentition is 
retained, together with the first true molar (m 1) on each side of both jaws. If the 
germs of the other teeth of the permanent series be exposed in the upper jaw (as in 
Fig. 26), the crown of a premolar will be found above the third molar in place, as weQ 
as above the second and first. As regards number, therefore, the molar series, in the South 
American monkeys {Myeetes, Aides, Cebus), is intermediate between that of the genus 
Musteia and oi Felts (Fig. 17) ; the little premolar, |if, in itfttf/^to, shows plainly enon^ 
which of the four is wanting to complete the typical number in the South American 
monkey, and which is the additional premolar distinguishing its dental formula firom 
that of the Old World monkeys and man. 

Zoologists have rightly stated, as a matter of fact, that the little maimoset monkeys 
{Hapale, Ouistitt) ^< have only the same'number of teeth as the monkeys of the Old 

World— viz., 32, i-, c — r, m -z — ^." But the difference is much greater than this 
4 1— -1 0— o 

numerical conformity would intimate. In a yoimg Jacehus penicillatus 1 find that there 

are three deciduous molars displaced by three premolars, as in the other South American 

quadrumana, and that it is the last true molar, m 3, the development of which is 

suppressed, not the premolar, p 2, and thus these diminutive squirrel-like monkeys 

actually differ from the Old World forms more than the Cebida do ; i. e., they differ not 

only in having four teeth {p 2 t^)? which the monkeys of the Old World do not 

possess, but also by wanting four teeth {m 3 _ — r), which those monkej's, as well as 

the Gebida, actually have. It is thus that the investigation of the exact homologies of 
parts leads to a recognition of the true characters indicative of zoological affinity. 

Q Q 3— —3 

Most of the Zemurinte have p ^ — -, m - — -, together with remarkable modifications 
3—3 tv— o 

of their incisive and canine teeth, of which an extreme example is shown in the pecti- 

natcd tooth of the galeopithecus. The inferior incisors slope forwards in all, and the 

canines also, which are contiguous to them, and very similar in shape. 

In the hoofed quadrupeds with toes in uneven number {perisaodactyU^^ whose 
premolars, for the most part, repeat both the form and the complex structure of the true 
molars, such premolars arc distinguished by the same character of development as 
those of the artiodaetyla, or ungulates, with toes in even number ; although here the 
premolars are distinguished also by modifications of size and 8hax>e. The complex 
ridged and tuberculate crowns of the second, third, and fourth grinders of the rhino- 
ceros, hyrax, and horse, no more prove them to be true molars than the trenchant ah^ 
of the lower camassials of the lion proves them to be false molars. It is by develop- 
ment alone that the primary division of the series of grinding teeth can be eataUished, 
and by that character only can the homologies of each iadividual tooth be determined, 
and its proper symbol applied to it. 

In Fig. 20, the three posterior teeth of the almost unifonn grinding series of the 
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horse's dentition are thus proved to be the only ones entitled to the name of *^ true 
molaTs;" and, if any one should doubt the certainty of the rule of counting, by 
which the symbols, p 4jp 3, taidp 2, are applied to the three large anterior grind- 
ing teeth {ib.), which are commonly the only premolars present in each lateral series 
of the horse's jaws, yet the occasional retention of the diminutiYe tooth {p 1), would 
establish its accuracy, whether such tooth be regarded as the first of the deciduoas 
series unusually long retained, or the unusually small and speedily lost successor {p 1) 
of anabortiye (<^1). 

The law of deyelopment, so beautiful for its instructiyeness and constancy in the 
placental diphf/odonts, is well illustrated in the little hyrax, in which the dliB normally 
deyeloped and succeeded by a permanent, p 1, differing from the rest only by a graduated 
inferiority of size, which, in regard to the last premolar, ceases to be a distinction between 
it and the first true mdar. 

The elephant, which by its digital characters belongs to the odd-toed, or pcrisso- 
dactyle, group of pachyderms, also resembles them in the close agreement in form and 
structure of the grinding teeth representing the premolars, with those that answer to 
the ^true molars of the hyrax, tapir, and rhinoceros. The gigantic proboscidian 
pachyderms of Asia and Africa present, howeyer, so many peculiarities of structure as 
to haye led to their being located in a particular family in the Systematic Mammalogies. 
And this seems to be justified by no character more than by the singular seeming 
exception which they present 'to the diphyodont rule which goyems the dentition of 
other hoofed quadrupeds. In fact, the elephant, like the dugong, sheds and replaces 
vertically CHily its incisors, which are also two in number, yery long, and of con- 
stant growth, forming tusks, with an analogous sexual difference in this respect 
in the female of the Asiatic species. The molars, also, are successively lost, arc 
not vertically replaced, and are reduced finally to one on each side of both jaws, 
which is larger than any of its predecessors. These analogies are interesting and 
suggestive in connection with the other approximations in the " Sirenia" to the 
pachydermal type. 

In the mammalian orders with two sets of teeth, these organs acquire fixed indivi- 
dual characters, receive special denominations, and can be determined from species to 
species. This individualization of the teeth is eminently significative of the high 
g^rade of organization of the animals manifesting it. Originally, indeed, the name 
"incisors," "laniaries" or "canines," and "molars" were given to the teeth, in 
man and certain mammals, as in reptiles, in reference merely to the shape and 
offices 80 indicated; but they are now used as arbitrary signs, in a more fixed 
and determinate sense. In some camivora, e. g., the front teeth have broad 
tuberculate summits, adapted for nipping and bruising, while the principal back 
teeth axe shaped for cutting, and work upon each other like the blades of scissors. 
The front teeth in the elephant project from the upper jaw, in the form, size, 
and direction of long pointed horns. In short, shape and size are the least 
constant of dental characters in. the mammalia ; and the homologous teeth ai-c 
determined, like other parts, by their relative position, by their connections, and by 
their development. 

Those teeth which are implanted in the premaxillary bones, and in the corresponding 
part of the lower jaw, are called " incisors," whatever be their shape or size. The tooth 
in the maxillary bone, which is situated at, or near to, the suture with the premaxillaxy, 
is the " canine," as is also that tooth in the lower jaw which, in opx)osing it, passes in 
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front of its crown when the month is doaed. The otiier teeth of the first seft anthe 
'^ deciduous molars ; " the teeth which displace and suoeeed them TertiaaUy are the 
'^ pre-molaiB ; " the more posterior teeth, which are not displaced by ▼ertieal buoqe saaf a^ 
arc the " molars " properly so called. 

The hog is one of the few existing quadrupeds widah retain the typical nnnber 'and 
kinds of teeth. 

Figure 25, part of the lower jsw of a young hog, iUuitrates the phenomemt of 
development which distinguishes the premolars from the molars. The first- prabolar, 
p 1, and the first molar, m 1, are in ^ace and use, together with' the three deciduous 
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molars, d2, dZ, and <^4 ; the second molar, m 2, has just begun to cut the gum ; p 2, 
p 3, and p 4, together with m 3, are more or less incomplete, and concealed in their 
closed alveoH. 

The premolars must displace deciduous molars in order to rise into place : the molars 
have no such relations. It will be observed that the last deciduous molar, d 4, has the 
same relative superiority of size iod^ and d 2 which m 3 bears to m 2 and m I ; and 
the crowns of j9 3 and j9 4 are of a more simple form than those of- the milk-teeth which 
they are destined to succeed. 

The germ of the permanent canine has not yet appeared below H^o deciduous one, e ; 

thoso of the permanent incisors, f 1, » 2, » 3, ^re seen ready to push out the deoiduous 

incisors dl, J 2, dZ. When the whole of the second set of teeth is in place, its natuxe 

, , , . , .3-3 1-1 4-4 3-3 
is indicated by the formula :— » ^—r, ^i~TiPtz1i w ^— - = 44 : which signifies that 

there arc, on each side of both upper and lower jaws, three incisors, one canine, four 
premolars, and three molars, making in all forty-four teeth ; each distinguished by the 
symbol marked in the cut. 

When the premolars and the molars are below their typical number, the absent 
teeth are missing from the fore part of the premolar series, and from the back part of 
the molar series. The most constant teeth are the fourth premolar and the first true 
molar ; and, these being known by their order and mode of development, the homo- 
logies of the remaining molars and premolars are determined by oountiag the molara 
from before backwards, $.g,, " one,*' ** two," '^ three," and the premolars fhHn behind 
forwards, "four," "three," "two," "one." 
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Examples of ihe typical dentition are exceptions in the actual creation ; but it was 
the rule in the forms of mammalia first introduced into this planet ; and that, too, 
whether the teeth were modified for animal or vegetable food. 

With regard to the human dentition, the discovery by the great poet Goethe of the 
limits of the premaxillary bone in man, leads to the det^mination of the incisors, which 

are reduced to two on each side 
^' ^^ of both jaws ; the contiguous 

tooth shows by its shape, as well 
as position, that it is the canine, 
and the characters of size and 
shape have also served to divide 
the remaining five teeth in each 
lateral series into two bicuspids 
and three molars. In this in- 
stance the secondary characters 
conform with the essential ones. 
But since we have seen of how 
little value shape or size arc, 
in the order carnivora, in the 
determination of the exact ho- 
mologies of the teeth, it is satis- 
factory to know that the more 
constant and important charac- 
ter of development gives the 
requisite certitude as to the na- 
ture of the so-called bicuspids 
in the human subject. In Fig. 
26, the condition of the teeth is 
shown in the jaws of a child of 
about six years of ago. The two 
incisors on each side, d, i, are fol- 
lowed by a canine, <?, and this by three molar teeth like those of the adult; in 
facty the last of the three, m, is the first of the permanent molars ; it has pushed 
through the gum, like the two molars which are in advance of it, without dis- 
placing any previous tooth, and the substance of the jaw contains no germ of any 
tooth destined to displace it ; it is, therefore, by this character of its development, 
a true molar, and the germs of the permanent teeth, which arc exposed in the 
substance of the jaw, between the diverging fangs of the molars, d 3 and d 4, prove 
those molars to be temporary, destined to be replaced, and prove also that the teeth 
about to displace them are premolars. According, therefore, to the rule previously laid 
down, we count the permanent molar in place as the first of its series, m 1, and the 
adjoining premolar as the last of its series, and consequently the fomth of the typical 
dentition, or^ 4. 

We are thus enabled, with the same scientific certainty as that whereby we recog- 
nise in the middle toe of the foot the homologue of that great digit which forms the 
whole foot and is incased by the hoof of the horse, to point to p 4, or the second 
bicuspid in the upper jaw, and to m 1, or the first molar in the lower jaw, of man, as 
the homologues of the great camassial, or flesh-cutting, teeth of the lion (Fig. 17). We 
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also conclude that the teeth which arc wanting in man to complete the typical molar series 
are the first and second premolars, the homologues of those marked^ 1, and^ 2, in the hog. 
The characteristic shortening of the maxUlaiy bones required this dimiaution of the 
number of their teeth, as well as their size, and of the canines more especially ; and the 
still greater curtailment of the prcmaxillary bone is attended with a diminished number, 
and an altered position of the incisors. 

The homologous teeth being thus determinable, they may be severally signified by 
a symbol as well as by a name. The incisors, e, ^., are here represented by their ioi- 
tial letter, t, and individually by an added number, » 1, » 2, and i 3 ; the canines by 
the letter, c; the premolars by the letter,^; and the molars by the letter, m\ those 
also being differentiated by added numerals. Thus the number of these teeth, on each 
side of both jaws, in any given species— man, e. ^.— may be expressed by the following 

o 2 1 1 2 2 3 3 

brief formula : — t - — jr, c - — r, p ji — jr, m ^ — - =32 ; and the homologies of tlie typical 

A L 1—1 £r^Z O—O 

formula may be signified by » 1, » 2 ; e ; p Z, pi; w* 1, »» 2, w 3 j the suppressed teeth 
being i 3, p 1, and^ 2. 

These symbols, it is hoped, are so plain and simple as to have formed no obstacle 
to the fall and easy comprehension of the facts explained by means of them. 
If these facts, in the manifold diversities of mammalian dentition, were to be 
described in the ordinary way, by means of verbal phrases or definitions of the 
teeth — e,ff., "the second deciduous molar, representing the fourth in the tjrpical 
dentition," instead of d 4, and so on — ^the description would occupy much space, and 
would levy such a tax upon the attention and memory as must tend to enfeeble the 
judgment, and impair the power of seizing and appreciating the results of the com- 
parisons. 

Each year's experience strengthens my conviction that the rapid and success- 
ful progress of the knowledge of animal structures, and of the generalizations dcdu- 
cible therefrom, wiR be mainly influenced by the determination of the nature 
or homology of the parts, and by the concomitant power of condensing the pro- 
positions relating to them, and of attaching to them signs or symbols equivalent to 
their single substantive names. In my work on the "Archetype of the Skeleton," 
I have denoted most of the bones by simple numerals, which, if generally adopted, 
might take the place of names ; and all the propositions respecting the centrum of the 
occipital vertebra might be predicated of the figure " 1" as intelligibly as of " basi- 
occipital." 

The symbols of the teeth are fewer, arc easily understood and remembered, render 
unnecessary the endless repetition of the verbal definitions of the parts, harmonize 
conflicting synonyms, serve as a universal language, and express the author's meaning 
in the fewest and cleai-est terms. The entomologist has long found the advantage of 
such signs as (^ and 9? signifying male and female, and the like ; and it is time that 
the anatomist should avail himself of this powerful instrument of thought, instruction, 
and discovery, from which the chemist, the astronomer, and the mathematician have 
obtained such important results. 

EICHARD OWBK. 
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VARIETIES OF THE HUMAN SPECIES. 



GeiMxal Zntroduction. — Ethnology is compounded of two Greek words, the 
latter of whicli scarcely requires explanation, because it already forms part of a 
numerous class of compounds with which the learned reader is well acquainted. 
The general reader, too, is perhaps equally familiar ynlik .them. "We have them 
in such words as Geo-logy, A&tro-logy, Yhysio-loffy, and a long list besides. The 
Greek form of these would be Geo-%««, Astro-loffia, &c. The basis of the term 
is the substantiye logos, meaning a tvord. In its modified form, however, and 
in its application as the element of a compound word, it means the principles, or 
science, of the department (whatever it may be) that is denoted by the root which 
precedes it. In the word before us it means the principles of that department of human 
knowledge which is denoted by the form Ethno. 

This is a word which we also have amongst us, though modified both in sound 
and sense. It is the root of the word heatlien. The original meaning of Ethnos is 
nation; so that the word heathen takes its meaning as a term for Pa^flr«, upon the 
same principle that the word Gentile, amongst the Jews, served to express, in the first 
place, a difference oi nationality ; in the second, a difference of creed. 

In the word Ethnology, however, the first element appears in a form more closely 
approaching the original ; and also, in a sense less remote &om its proper signification, 
Ethnology means the science, not exactly of the different nations of the world, but of 
the different varieties of the human species. 

Elhno-^ro^Ay is a similar derivation, the second element being the same as in Geo- 
graphy. 
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THE TEBMS ETHNOLOGY AND ETHNOGRAPHY. 



It would be convenient if these two compounds had their separate significations 
more strictly defined than they hav# them. Geo-graphy means one thing— Geo-%y 
another ; and the two 4ire never confounded. With,Blhiio-%y and Ethno-<7rajP% sthis 
is not the cast.- Somiai^Bics, indeed^ a. wilier denotes by the latter tinrm -the strictly 
descriptive part of his stdbject, by tlA4a11i8r the ^Aifea^l^ (so tci.'gay) ofdt. Bttt this 
distinction c<ismot:a]jvayB be observecl ; so that, taking langitftge fts we find it, w« are 
not far wmag if wo coiaider the tw©- -words as synftayma; synonyns which, in. the 
progress of file soifince, vm likely to be cmiverted into distinoti?re terms,- bntrftdboidt are, 
at presenty^infled so loosidy as to be neudy interchangeable/ . Of the twoj ^Etliul^ur is 
the^onmflttssb 

m^n* wliddhi««BB8fc a negro^no »one, even, who has-itiJlen in with a g«|^f 
gip#e«'— iiMed d^lteb^ottho mevning of the term VaritUta ofih^ Miimm Spe^imt. If 
any confllteation be esMHtei in Ms mind: at all, it nrnflt b^ihlit of^b£Mstit^mm 
differing^fi'om man to aa^vextent st^tientto develop a special depa£tMMttfe^%eiezdific 
inquiry; Why thb 'di3^9!«Bfi6 b e t v eei y iiiett^gipiy^d OiMssblf'^-ihe nsfei^c iBkgUshman } 
Why the stiU greater difference batw^eanvmsclf and^ihiianil^o } In these three names 
we have three varieties, if wc go ag f litiJini , . Ba^^MT^nw^' further; counting the 
changes in foan and colent, .not ifijr threes, itiftibytfeMri^MMitby. units, but by tens 
and hundreds. 1% {idnJUiTmay be as blailc'as thd negm, but he iAm no such crisp and 
curly hair, no sutfi thickened ]ij^;^otbki}nx> soak height t9f««Mttkre;< Bdis liker, per- 
chance, to the gx|^«3|r^:alMM^irat»Hli*i<iii4;kteinaMiice a£^^«itts£biBt measi^i Then there 
is the Chinese, different from both, and the Eskimo, and the Laplander, different from 
the Chinese, though, nevertheless, in his breadth of face, and scantiness of beard, not 
altogether unlike him. The American Indian gives us a fresh type, the Australian 
another, and so on throughout the whole inhabited world ; change, difference, likeness ; 
shapes the same, but colour different ; colour like, but shapes varied ; colour and shajKi 
agreeing, but stature differing. The investigation of these matters is Ethnology^ 
ethftos (as aforesaid) meaning not so much a nation as a variety. 

The differences that determine these varieties are of two kinds— physical or mental. 
The former were suggested when we spoke of hair, colour, and stature ; the latter 
require a different kind of study — a different train of investigation. We see how a 
black differs from a white, and wo perceive it even when we get beyond the palpable and 
unmistakable difference of colour. The texture of the hair differs as well as its hne, — 
a matter of which simple inspection informs us. But simple inspection will not tell us 
that the negro is a man of different ideas, habits, religious belief, and soeial orgaeniza^ 
tion; that his history has been unbrightened by great names in literature, artj* or 
science ; that his language is not only difierent ftt)m our own, but if alUed to it, aSied 
most remotely and indirectly. To know these things, we must have a certain amount 
of acquired information, based upon geography, based npon history, based upon 
philology, or the knowledge of language and languages. Some book-learning, in 
short, is necessary ; in other words, the etimologist has to read as well as to observe. 
At the same time, the best observer wiU make the soundest and safest teacher. This 
is because, though there is mu^ch in common between Ethnology and civil history, 
there is more in common between Ethnology and natural history. The method by 
which the geologist argues back from effect to cause, and so from the existing state 
of things reconstructs a former world, is eminently the method of the ethnologist.- 
" Physical Afchseology,** ^writes Dr. Prichard, "includes both Geoldgy and Ethnology. 
The former is the archaeology of the globe, the latter that of its human inhabitants; 
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Both ' deniie a pait T>f their flurterif^ honxt dif^esnt divinaaa of natval history^ But 
Ethnology, as I lisve remarked, ohtuiui Toaodrees for tiie history of -Tifttioiw and of 
xnookbid fimn many other quartos. It dernFesJinfonnatian fiom the woAb of ancient 
hislxnnfliifl^ and stUl more firomihe study of lan^jnagea and their afflliatioDS. The hi»» 
tory of lang'nagee, indeed, greatiy' extended a»it hae been m lato times, has fmniafaied 
xmexpected lesonroeB-for the improTemeat of Ethnology:" 

Language (say the language of the negio) is a mental manifestation, and so is the 
ci-vilization represented by his history, and each must be attended to as much, as points 
of physical organhsation. The careful ethnologist neglects neither series of phenomena ; 
so that philology and history go side by sido with each other, and also along irith the 
differences of corporeal structnie. What manner of language does he speaks Who 
else speaks languages of the same class ? Aie these languages doedy or remolidy con- 
nected ? What is the character of his civilization ? Under what conditions has it 
been de^loped ? Fayourable or unfityovmlde ? If un&TOnrable, has there been any 
natural inaptitude for certain forms of progress, — any inherent incapacity for den^op- 
ment.^ What have been the physical conditions of the area to whiK^suoh a tribe 
belongs? — what the animal and . vegetable products? — what the opportunities of 
intenMrarse with other populations } 

These, and their like, are the questions that arise even at the very onset of ou£ 
ethnological career. They will not be enlarged upon at present—still less will they be 
answered. The only object with which, at the present stage of our inquiries, they are 
brought forward, is that of illustrating the scope and character of a department of 
knowledge which is one amongst the latest to have taken its due place and fobn in the 
circle of scienoe ; a new study, with a name of no great antiquity. More has to be* 
said about it, both in respect to its methods of investigation and its relation to the other 
branches of knowledge ; but this will be better done ^en a certain aumunt of details 
has been gone through. The best explanation of the character of a scienGe is to be 
found in the working of it. 

In dealing with the different varieties of the hiiman species, according to the dif- 
ferent di^bses under which they are arranged, it is better to begin with the old world, 
rather than the new, and wit^ Asia rather than Africa or Europe. Of the Adtatio 
population the central and south-eastern should be taken first. There is a reason for 
this in the structure of their bodies ; there is a reason also in the structure of their 
langn a gw i. 

Bl»4Uy Straetvxe.— The consideration of the head and face is sufficie&t ; but of 
these we -must remember that we take the bony parts as well as the soft. We must do 
mere than this ;. we must give great, importance to the form of the skull. It is upon 
this that some of our chief classifications have been based; for the skull is the receptacle 
of the bndn, and the brain is the organ wherein the human species most differs from. 
others. Now, one of the most extreme forms of skull is re&rable to these same central 
and south-eastern parts of Asia. It is the skuU of the Mongolian of the northern and 
north-western frontier of China. Let us make a few preliminary observations ; they 
wffl save some details of desmption. The distance between theiwo paxietaibmies of 
the cranium is the parwtal diameter ; that between the fordiead and the occiput the 
oeeipih'^frdntal. Or — 

Changing our expression for one less technical, W9 may say that every head hasr 
a side-to-side diameter, when measured from, the ports above each ear ; and a five- 
and-ftft diameter when measured ttcfm the forehead to the back of the. head. 
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The former of these same diameters is the parietal (or inter-parietal), the latter 
the occipito-frontal. The former gives hreadth, the latter length, to the head. 

The fore-and-aft diameter is the longest— in nine cases out of ten, in nine hundred 
and ninety-nine out of a thousand ; in a greater proportion still. Indeed, a head as 
broad as it is long is exceptional even amongst the broad-headed populations^ But the 
difference between the diameters is yery varied. When it is more than two inches, the 
stoill is long-headed ; when leas than one, short-headed. This is a rough way of stating 
an important difference. 

Then the molar (cheek) bones may be prominent ; the zygoma, too, (the bone that 
can be felt through the skin to form a ridge from the che^-bone to the ear) may make 
a wide curve outwards. This gives breadth to the face. Or the forehead may retire, 
which gives what is called a low facial angle. Or the upper jaw may slant forwards ; 
in which case the insertion of the teeth will be not perpendicular, but oblique. This is 
being prognathic, from the word pro, forward, and gnathos, jaw. The opposite to this is 
orthognathic, from orthoa, upright. A jaw may be so prognathic as to be almost a muezU, 

To return to the central and south-eastern parts of Asia, and to the Mongolian who 
occupies them. He is eminently— pre-eminently — short-headed, broad-skuUed, and flat- 
faced ; so much so, that the Mongolian conformation of the head and face is a recognised 
term of Ethnology. Many populations are characterized by it; or if not, by 
approaches to it more or less distant. The parts, then, in question supply us with a 
type of one sort. 

Stnotuve of Tiaiignage. — ^The language of the Mongolian is not of the same 
extreme character as his bodily structure. It is neither remarkable for its development 
nor its want of development. But the Chinese, the language in immediate contact 
with it, is remarkable. It is one of a class, wherein there are no cases to the nouns, no 
tenses to the verbs, no declension, no conjugation, no inflection — ^no inflection, at least, 
after the fashion of the languages of Europe. Besides this, the separate words consist, 
for the most part, of single syllables. Hence it has been called monosyllabic — a term 
applied to the whole class. Now as this is the simplest form of speedi, the parts in 
which it occurs are good parts to begin withi They supply us with a type in the way 
of language. 

6K0XTP I. — Physiognomy: Mongol. — Language: Monosyllabic. — Areat Ladakh, 
Bultistan (or Little Tibet), Tibet, Nepal, Sikkim, Butan, Northern India, Arakhan, 
the Burmese Empire, Siam, Cambojia, Cochin-China, Tonkin, China, the Islands 
of Andaman, Nicobar, Camicobar, Hainan,"and the Mergui Archipelago. — Divisions: 
Tibetan (or Bhot), Siamese (or Thay), Burmese, Peguan (or Mon), Kambojian, 
Anamitic (or Cochin-Chinese), Chinese — ^various tribes, imperfectly distributed, 
and described as Sub-himalayans, Nagas, and Sifan — Mincopie (or Andaman 
Islanders), and Nicobarians. 

The most constant characters of this vast and important group lie in the structure 
of their numerous languages, and in the conformation of the bony parts of the head 
and £ice. In complexion there are wide differences. The colour, however, of the hair 
is uniformly dark. Neither is there any broad separation between the taller and the 
shorter tribes in respect to stature. They are more under-sized than over-sized. The 
chief physical differences, as aforesaid, lie in the various tints of the skin. Mark the 
word physical, because when we come to the consideration of their civilization, industry, 
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and intellectual development, we shall find that certain nwral and soeioA differences 
require notice, and that these are hy no means inconsiderahle. 

The lightest-coloured tribes of this class are the natives of Cochin-Ghina and 
Tonkin, who speak the Anamitic language, and who are not very widely separated 
from the true Chinese. These latter are tawny, or parchment-coloured; tawny or 
parchment-coloured so as to leave no doubt as to the character of their hue. It is 
yellow— yellow rather than either brown or black, yellow rather than copper-coloured, 
though this tinge is by no means unknown. In respect to the Anamese, it has been 
remarked that they wear more clothing, and expose the body less than any of the 
populations aroimd them. Be it so. Tet I doubt whether this gives us the true 
reason for their comparative fairness. They lie between a moimtain range and the sea ; 
occupants of a district wherein no vast rivers form alluvial tracts, and where the 
wooded slope of the mountain side replaces the swamps of Cambojia, Pegu, and the 
other countries in the same latitude. Now the former are the conditions that most 
favour lightness of complexion ; just as the latter determine a tendency to the colour 
of the negro. 

The average height of the Cochin-Chinese of the seaports is low : a fact to which 
both Craufurd and Finlayson bear witness. The former considers them to be lower in 
stature than any people of Central («<?) Asia ; the latter compares them with the 
Chinese, but makes tiieir average height something less. The upper extremities are 
long, the lower short and stout, at least with the males ; who, if squat and somewhat 
ill-£ftvoured in aspect, are hardy and active. The women, on the other hand, are 
disproportionately fairer and handsomer than the men, for their extremities are well 
formed, and the carriage, even amongst the lower orders, is graceful. The form of the 
skull is more globular than square, the eyelids less turned than those of the Chinese. 
The mouth is large, the lips more prominent than thick, the moustache more abundant 
than the beard. Craufurd compares their features to those of the Malays, except that 
they bear none of the Malay expression of ferocity, but, on the contrary, exhibit good 
humour and cheerfulness. And this seems to be their character. The lower orders 
are eminently lively, talking and laughing as if their government were as satisfactory 
and agreeable as it is despotic and oppressive. The higher classes, however, are solemn 
and decorous, after the manner of the Chinese. Their dress is that of the Chinese 
before they adopted that of their Mongol conquerors. It varies but little with the sex, 
consisting, with both men and women, of loose trousers, and a loose frock reaching 
half-way down the thigh. The sleeves are loose ; and when the wearer has no need to 
labour, hang a foot or foot and half over the fingers. The ankles and neck only go 
bare. The hair is worn long, and put up in a knot at the back of the head : this, too, 
being the old and original Chinese practice. A straw hat, which is sometimes in the 
form of an inverted basin and sometimes like a sugar-loaf— which is of great breadth 
in the rim, and which is constantly worn out-of-doors — is a good fence against the sun. 
As to the materials of the clothing, they are generally silk or cotton — oftener silk than 
in any other coTintry. Metallic ornaments are far rarer, as Tonkin is the only one of 
the three parts of the Anamitic Empire where mineral wealth is abundant — or, at 
least, the only one where it has been worked to any extent. White is the colour of the 
national flag — white is the colour for mourning: but the royal colour is yellow 
or orange. 

The use of the cigar, and of the usual masticatoiies, is universal, except that the 
Cochin-Chinese does not add catechu to his mixture of betel, quicklime, and areca. 
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Neither do they go fitr m ^e way of oniaiiieiitail disEgiireiaent. There as no ^de in an 
unduly small foot, as in Ghiaa ; and nonfiling of the iee&^oi* enlargexnent of the esaa, as 
among so many of the Malay tribes. 

ThegoTesmmentris despgtic, and the. pimiflbinftnta. cruel ; the retigion is Buddhist, 
but lati-tudinariftTir as in China. . Thfize is little YsUdity in any of tiieir ven^rational 
feelings, save and except those vidch are so erabodiedin the respect shawn tctwards the 
jTMMtM of their aneestora. 

Mnriage tajkes placd latter than in most of ihe other parts of .Asia ; for if > the rich 
sometinies many at fifteen^ the poor often remain single till thirty. The age of the 
femalftjis from seyenteen to. twenty,- at least in the lower ordOTS. In no counlyy— our 
own sot ezoepted-^is the date of "the maniage moire regtilated by tho ways and joeans 
-of the parties controoting. .A Coohin-C3»mese laairies as*soen as he can ; but his wife 
must be pnrdiaaed. Marriages are indissoluUe ; but as polygamy is habitual, the first 
wife has. a pre^miaence over the others. Abortion is commoner than infentioide, and 
a-rblation of the laws of. chastity aaumgBt-unmaxxied woaum. commoner than -either. 
Adultery, however, is an offence of the gravest nature, of which the legal punishment, 
tiumgh often eommuted for milder penalties, is death. Without being jealously ccmfincd, 
asm the Turk and Persian parts of Asia, the Anamitic women are eoarsdy and often 
brutally treated. The infliction of c(»porealpunishment on an offending wife passes 
without comment, and as a matter of course. 

Less industrious than the Chinese, the Cochin-Chinese are also > less ingenious. 
Their arts, however, are the same in kind, though on a lower level of exceUence. 
Begging, is rare in Cochin-China ; so is emigration; so is no< highway robbery. A 
French gentleman informed Mr. Oraufurd, as a proof of the vigorous admixustration'Of 
Thas Sun, gov^nor of Kambojia, that he reduced the number of capital trials from 
adO jMT ofmwn, to 3 or 4. 

The contrast to the Anamese must be sought in the Mincopie of the* Andaman 
.islands. These are called ^to<fA?«— without qualifioation-rby the few observers who 
- have described them. Nay more, they have been ignored as members of thedass. under 
<xH»tiee, and been placed amoi^t the Papuas of New Guinea, and the so-called Ajufuras 
of- the Indian Archipdbgo. Yet their language shows them to belong to ^the. same 
division with the Bunnese of the opposite continent. 

These Andaman islanders are mentioned as early as the twelfth century, u e., by the 
two Mahometan travellers of Benaudot. These wzite, that beyond the Nioobar Islands 
" Hes i;he sea of AndamaTi. The pec^e on this coast eat human flesh quite raw ; their 
eom^exion is black, their hair frizzled, their countenance and eyes fdghtfrd ; their feet 
are very large^ and almost a cubit in length, .and they go quite naked. They have no 
embarkations ; if they had, they would devour aU the paaaengars ithey could lay hands 
.on." Marco Polo writes equally un&vourably — ^^ Angaman-is a very large isluid, not 
.governed by a king. The inhabitants are idolat(»:s, and are a most brutish and savage 
sace, having heads, eyes, and teeth resembling those of the canine ^eeies. Their dis- 
positions are cruel; and every person, not being of their own nation, whom they can 
lay hands on, they kill and eat." 

A paper, by Lieutenant Colebrooke, is. the chief sounie of our- knowledge cooc^ning 
>ther Mincopie, the. author being indebted to his predeoesaois, M^or Kyd and.Captaiu 
Blair, for some of his facts. He describes them as plunged in the grossest ignorance 
and barbarity ; barely acquits, them, of the ohai^ of eanmbaUsm; and unhesit«tingly 
Affirms that the murder of tiie. crews of such Virasela.As may bev-wrecked^ ^ipon thei7<eflfR8t 
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ia theii; inyarlaUe habit. The late Sir Ghades Makohn, however, n^ho had had^one of 
the naiw«s. ahoaf drship with him, took oonfiiderahle paiiis to.dikite the ohargeathat 
thus lay agaiast this iUt£ajned populatioxi, and q^ke itt«tz!o»g te)?ina as torthe pioitteess ' 
and docility of the individual with whom he thus can^e in. contact. i 

.The Mioeppie are akillful in shooting fish with iheir-arr<»w8. They take, how6V£!t} [ 
but little pains to cultlyttte the. soil— feeding on what 4hey find. or kill ; they are fond : 
of si9^gi3[^,ajoyldanping; ignorant of the art of working in metld; but not m^fiMfp^ ; 
in the management of their eanoes. These are hollowed out^f the tanmks of trees hy \ 
means of firo, qt inatnunents of stone. Sometimes, they me raftft of -bainbeos. Thair 
bows are remarkably long. Hand-netB^ wicker-bas]|««ts^ and a feii!; ^^mamiB o^pptl^ry- 
wnre hftye been seen amongst ^them. 

. The Mineopie of tha Andaman Islands, and ihe Cochin-Ghineae, h&ye been idieftlt 
with nuffe ioMy than wiU be the case wi^ any other members of this ^eup^ be«ftiiae 
they are fair q>eQiin«BS of two extremes~rof the dark-skinned. a» oppoi^ to^the fair, 
and of the rode as. opposed to the refined. 

Between the two, there is every shade of inteionediate eolowr. As a. general rule, 
however, the lower the sea level of a looaMty, the mor^ alluvial Its aodl, sif$d themoM^r 
.the oh^raeter of itdheat, the blacker the tint of the inhabitants. 

The Burmese gEOw darker as the Valley of the Irawadi beoomea broader «Q.d.fiia^ter. 
The men of Pegu, who hold the 4elta, ere darker than the Burmese. 

The hair of these, as of all other families, must be viewed in respect to two of its 
characters — ^its colour and its textui'c* The colour with- those be£gdre lis. m the mare 
uniform of the two. It is what is ordinarily called bltick. We know, what this means ; 
bat we: ahotdd alao kaaw that, in strict reality, there is no su^ thing as^alisolut^y bla^ 
hair. A negro's hair is Hack only when the light falls straight upQSi it. When seen 
in a GEoss Hght, it has a red tinge— red, zed*dish, or brown ; nuffe red, howev^, than 
aught else. As the black decreases, the colour becomes chestnut, auburn, blight. red, 
sandy, fiaxen, yelkw, and white (ao-caUed). However, there is no such thing as truly 
black hair. The word meams. mfirely-:- «fr^ <^r^. It will benaed;- butit must be 
understood thatthi^ is ita meuiing. Now I have not found any notice of any members 
of the family having hair, sufficiently red to be called other than iladt ;'}9e^8iich a nfitiee 
would not surprise me. I expect it. For tribes closeily allied. to. tfa«ni.L find. the api- 
i^baitL reddiah-apfAiad -more.&an once. This merely means that ihe. red. elnment has 
become pronounoed enou|;h in its charaeter to atoke: the ordinary, ohaorver. Saj^ 
hair with the fanuly under coTimdftrfl.taon is blaek,^ aeeording to- common parlance. . In 
texture it- is atraig^t, but Dot of the atraighteat and- hacahestuJdBd. Thare ia . an . occa- 
sional approach to a wave, or curl. In this case wiitera asiUdt irur^^ oxLioavy-^tfcwp,: if , 
it be hard ; wavtf, if fine, soft, and silky. 

The crisper the hair, the more abundant the beard. As a general rule, hawever,. we 
arc to expect smooth, and, comparatively speakang^ beazdlass iaees. 

The eye is oflcn set obliquely ; that is, the outer angle is drawn iqxwards. Some- 
times, in addition to this, the upper eyelid hangs heavy and tumid over the eyeball;..^ and , 
sometimes the skin forms a crescentio &dd between the inner ^an^ of ihe eye and \ 
nose; as mity be seen in individuals out of > China, and whioh is not nncomnum in 



With the Chinese this is tiie most remarkable. In «(mie, the peonliarify «ntiMLy 
disappears. But the superficial character of these distinctions has been a^bready-^fiig- 
gested ; the bony parts being prettyoonstant «n eharaoter throaJB^MWt tbe ffoap. 
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If the physical difierences, when properly yalued, lie within narrow limits in the 
class before ns, it is not the case with the moral ones. For with these we find strong 
contrasts without always finding intermediate and transitional grades between them. 
The forms of barbarism are numerous. There are, as we have seen, the outlying 
Mincopie, almost the only islanders of the class who are savage after the fetshion of 
men cut off from the world by the sea. There are the occupants of &e hill ranges 
between India and the Burmese Empire, who are savages after the fashion of moun- 
taineers, secluded in their respective valleys, sectional in their feelings, mutually hostile 
to each other, ignorant of the world beyond ; and, as such, untouched by the influences 
that have promoted the civilization of Ava, Siam, and China. 

The civilization of the monosyllabic populations is moxe uniform in its character 
than their barbarism. Nor is this a matter of surprise. It has chiefly originated in one 
quarter— India. From India it has been diffused. The history of the alphabets of 
Ava, Siam, Pegu, &c., tell us this. So does the history of the Buddhist religion. With 
a few exceptions— exceptions which will be specially noticed— all the populations of the 
dass before us, that have arisen to anything beyond their primitive paganism, are Budd- 
hists in creed. The Burmese are Buddhist ; the Siamese, Buddhist ; the Mon of Pegu, 
Buddhist; the Cambojians, Buddhist; the Tibetans, Buddhist; the Chinese, Budd- 
hist ; all of which arc more or less civilized, all of which use an alphabet ; all of which, 
either form of themselves, or belong to, large consolidated empires. It is not necessary 
to dilate on these. They attain their greatest development in China. Bultistan is 
Mahometan ; Nepal, Brahminic. * 

The ruder tribes, on the other hand, claim more of our attention, since it is these 
that give us the idea of the primitive condition of the family anterior to the introduc- 
tion of foreign influences. Their habitats have been already suggested. They are rude 
because they are isolated, and they are isolated because they are either mountaineers or 
islanders. 

We have seen that the islanders are few— viz., the Hincopie and the Nicobarians, 
to which may be added the inhabitants of the Mergui Archipelago, off the coast of 
Tenaaserim. The islanders are few, for the family is eminently the family of a eonti- 
nent. It has a small sea-board ; but it uses what it has. The Chinese are one of the 
nautical populations of the world. 

The mountaineers are referable to four groups, and these are geographical rather 
than ethnological ; it may also be added, that in the present state of our knowledge 
they are convenient and provisional rather than absolutely aociumtc. 

1. The first is called the Suib^Himalayan, It extends along the south side of the 
Himalayas, from Kumaon to Assam. 

2. The second belongs to the moimtains of the south-western provinces of China, 
touching the Burmese frontier, and extending into Tibet. This is designated by a Chinese 
name Sifan, meaning western barbarians. 

3. The third gives us the occupants of the mountain-range that incloses the vaUey 
of Assam. 

4. The fourth lies southwards, and includes the tribes that belong to the hills and 
forests that separate the lower parts of the rivers Irawadi and Menam, Menam 
and Mek-hong, the Mek-hong and Cochin-China. In other words, they are the tribes 
that lie between Burmah and Siam, Siam and Cambojia, Cambojia and Cochin-China, 
respectively. 

The name of these is leffion^ and legion is the name of their mutually unintelligible 
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forms of i^>eech. Not that they are radically different from either each other, or from the 
languages of the suiroiuiding countries ; on the contrary, they can generally be referred 
to Home of the greater stocks aronnd them — ^mostly to the Tibetan and the Burmese, 
Again, these rude mountain tribes serve as measures of the completeness or incomplete- 
ness of the conquest and consolidation on the part of the more potent kingdoms, Ava 
(or the Burmese Empire), Siam, and China; inasmuch as they generally represent 
tiie aborigines of districts which have preserved their independence. 

And now to a sketch of some of the details. 

Iv The Sub'Himalayofis. — ^A large proportion of that part of India, which lies to 
the north of the Granges and to the south of the Himalayas, is monosyllabic in speech. 
It is Tibetan or Burmese, rather than Indian Proper ; and the tribes are small and 
varied; yet only on the southern slope. The moment we pass the ridge, and get 
amongst the Bhot of Tibet, the language becomes wonderfully uniform, and that over 
a vast range of country. So that the rule is thus : — 

«. A large area, with a single form of speech, on the side of Tibet. 

b. A small area, with a multiplicity of languages, on the side of India. 

As the Indians have encroached from the south, the monosyllabic tongues originally 
extended fiirthcr into Hindostan than they do now ; perhaps, as far south as the Ganges. 
They also, probably, extended farther westwards. How far no man can say. Be this 
as it may, we first meet with monosyllabic forms of speech on the Kumaon frontier of 
Nepal, spoken by the Chepang, Kusunda, and Hayu, — ^wild, weak, and scattered tribes 
that demand more than a passrng notice. 

The moimtaineers of the western parts of Nepal are, themselves, short in stature ; so 
that there is not much contrast between them and the Chepang in the matter of height. 
It is in colour and bulk where the difference chiefly lies. The Chepang are slightly 
made, with large bellies and thin legs ; the skin being dark brown, approaching to black, 
or, as Mr. Hodgson caUs it, nigrescent brown. The head has a fore-and-aft develop- 
ment, the other characteristics being definitely Mongolian — ^i . e. the face is flat, and 
the eye small, but the mouth projects. 

In these diferentia, in the way of physical appearance, I see a repetition of what I 
shall point out elsewhere. A population is naturally and normally somewhat undersized 
in point of height, Mongolian in physiognomy, and olive-coloured as to its skin. With 
deficient nutrition, deficient clothing, and deficient civilization, it becomes thin and 
Naek, The rudeness of the Chepang is as evident as their darkness. They live en- 
tirely upon the products of the forest and waste. 

Nepal is consolidated into a kingdom, full of Hindu blood, and modified by Hindu 
influences. Yet the original inhabitants are the iQonosyUabic Magars, Gurungs, Sun- 
wars, Newars, Murmis, £[iratas, and Limbus, leading to the Lepchas of Sikkim. Then 
the physical conditions change as we approach the alluvial soil, the damp heat, and the 
forest malaria of the water-system of the Lower Ganges, when the Koch, Mech (or 
Bodo), and Dhimal of Sikkim and Coosh Bahar, like the Chepang, take the colour of the 
Indian. The Garo mountaineers bring us to the very bank of the Burampooter. 

This division runs far eastwards into the Easia coimtry and Jaintia Hills, falling 
into divisions and sub-divisions, dialects and sub-dialects. The farther it stretches 
eastwards the more Burmese it becomes in its affinities. In northern Burmah the moun- 
tain tribes are called Nagas. 

2. The Sifan. — China I believe to have been conquered from the south-east, (say) 
from the valley of the Canton river. Hence the northern provinces have been added 
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to the empire withm the .historic period ; the -westeiTi pazts ctall xetaia a.flort 0f ind^ 
pendence. Some of these tribes of the Si&n may be Ghinsse-r-odhfirs areimoxek Tibeten 
than Chinese, as has been shown by the oidy compeijsnt anthority on ihest 'ObsQure 
topics-T-Mr. Bryan Hodgson, of Nepal. 

3. The Astam Mountainears.-^The moumtaina that wvronnd Assam, beginxBng ooi 
the north and -west, contain the Aka, the Dnfla, the Abor, and £oi;*abor;'th0'3iiri, 
the Miskimi, the Jili, and the Singpho, these last being on the north*east oana. 

We then turn round and moye along .the southern firontier fiam. eas4 to "wm^ itinough 
the country of the Muttuck, till we reach the Kasia, Gachsr, and Jaintiat^populailons 
in Silhet, and the parts about the Garos. 

But the northern part of Burma, the parts about Manipur, though Bot ozactiy 
Naga, abound in dialects and sub-dialects. The last twelye of the'folU^wi^gp table 
show this :^— 
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ITiis table illustrates a valuable collection df vocabularies made by Mr. Bnnen. The 
table is often quoted as " Brown's Table." It shovs the per-centago of words common 
to any two of the languages contained in it, and supplies a good measm*e of the d^erenec 
and likeness between a multiplicity of dialects packed up within a small area. The 
affinities here are with the Burmese, and more remotely with the Tibetan and Siamese. 
Still more Burmese are the Khyen and Kariens, along witii a series of peculations 
known as Kuki, Limctas, and Khomias ; whereas the Ehamti and Lau belong to the 
Siamese division. 

I enlarge upon these matters, not= because I believe that mwjh good oomefr from. 
long lists of names, but for the sake of showing two phenomena of fer more y&lae and 
importance. Firstly, I wish to show that out of a great number of mutually lakkt^- 
ligible tongues, none are wholly isolated ; but, on the contrary, that they can^ generally 
be apportioned to one of the larger classes, such as the Tibetan, the Siamese^ or the 
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Bumieae. Secondly, I draw attention to what may be caUed the oontcaated ch^xaotars 
of different areas. In China, in Tibet, in Siam, a Bingle tongue «oi7«rs avaet ^eoe. 
Hsewhere, a sin^e tongue is limited to a remarkably small area. It may be well to 
mark this juxtaposition of large and small groups, and to watch whether it-ift a * 
phenomenon peculiar to the monosyllabic family, or whether it repeats itself elsewhene, 
and re-appears as an ordinary ^t in other ethnological groups. It will be foundto be 
in the latter predicament. 

4. The Z^lOf QuantOy and Mot/, — ^These are the mountaineers of the parts betfwven 
Siam^ Gambojia, Coohin-China, and China. We know little of them. They probably 
bear the same relation to the Chinese, Cocbin-ChineBe, and Cambojians, that the last 
group did to the Burmese, Siamese, and Tibetan. 

We are not acting over boldly if we attempt to draw a picture of that eaarly state 
of the monosyllabic populations which preceded the consolidation of the great empires, 
China, Burma, Siam. The low state of its civilization must be that of the rudest of 
the mountain tribes. The areas,- too, of the individual tribes must have been small ; of 
which, however, one spreads at the expense of its neighbours. These it cither modifies 
or obliteratea-^moving onwards in a given direction, or (at least) from a given starting- 
point. 

It is the business of the ethnologist to ascertain, as far as possible, these starting- 
points, and to indicate the direction of the lines of conquest. If history helps, all is 
easy — not so if she be silent. He nmst, then, proceed induotively ; and, to do this, he 
has recourse to the phenomena of language. This always teaches- Bomcthing, and I 
think that in the present instance its teachisg is as follows : — 

a. The more we foUow the Chinese language northwards and westwards, the marc wc 
find it contrasted with the languages with which it oomes towanis contact; and the 
more we follow it in the. direction of Tonkin and Gochin-China, the more similarity wc 
find. This suggests a direction to the Hne of conquest and migration from south and 
east to north and west. 

b. The shape of the ground covered by the Siamese dees of languages is remaxjcablc. 
Narrow in the direction of cast and west, it is of enotmous length *frDm north to south. 
More than this, it follows, wiih a considerable degpree of closeness, the valley of the 
river Menam. Bid the stream of conquest and migration coincide with that of the 
river, and did the invaders of the lower districts descend from the eountry of its head 
waters.^ Probably. At any rate, the Khamti language spoken on the (frontier of 
Assam is so like the Siamese of the capital, that in Brown's tables the per-centage of 
words common to tho two is ninety-two. Yet there are nineteen degrees of latitude 
between them. 

Similar reasoning suggests a northern origin, and consequently a southerly line of 
direction, to the Burmese. They grow more like the languages witii which they oome in 
geographical contact, just in proportion as they are examined in their northem dlalaots ; 
the convoFse having been the case with the Chinese. 

We have now seen, within a very moderate range of physieal and philolegieal differ- 
ences, both samples of comparative civilization, and samples of the* ruder fonas of 
barbarism. But we must remember, that the ^ysical and other -oonditioBS of the. area 
orer which the populations be£>re us have been t^read^ are also different. Of islands and 
of insulajf cond^ons there was but littie ; but there was a considerable range of climate, 
both as measured by the degrees of latitude, and by the height above ^tiie sea level. 
There were boundless, plains, and naizow mountain valleys. There was also a wide 
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range both of vegetation and animal life. As domestic animals, there was the elephant 
in the intertropical junglea of Siam, and the yak on the snowy Alps of Tibet. There 
was rice^ as a cereal, and millet, as a cereaL In China there were the tea-tree and the 
silk-worm. A remark or two on &e phenomena of speech will now lead us to the next 

group, 

The relations of time and place, in the languages of the prcyious group, have been 
expressed by separate words placed in juxtaposition, but not incorporated, with each 
other. But what if such words, originally distinct, unite ? In such a case we have 
the beginning of a system of inflection. The structure of languages in this stage of 
development is said to be aggltainate. Here one word is incorporated with ano&er ; at 
the same time the fusion of the two is sufficiently incomplete for the original and 
independent character of the annexed word to show itself. 

GROUP 11.— TvBJLSiKS^.—Physiogfumy: Mongol.— 'Language: Agglutinate.— -4re« ; 
Mongolia, Mantshuria (the parts north of Pekiur— the valley of the Eiver Amur, 
Selinga, or Saghalin), Siberia, Independent. Tartary, Chinese Tartary, Turkistan, 
Anatolia, Roumelia (or Turkey in Europe), parts of Bokhara, Persia, Armenia, 
Syria, the Crimea; Lapland, Finland, Esthonia, Livonia, the Russian govern- 
ments of Archangel, Olonetz, Novogorod, St. Petersburg, Tver, Yaroslav, Vologda, 
Permia, Yiatka, Kazan, Simbirsk, Saratov, Astrakhan, Caucasus, Kizhninovogorod, 
Penza, Tambov— Hungary— the Eurile Ides, Japan, Kamflkatka. 
Frimaxy DiTlsioiui.— 1. The Mongolian stock. 2. The Tungusian stock. 3. 
The Turk stock. 4. The Ugrian stock. 6. The Peninsular stock. 

These five divisions constitute the great Turanian class, which some call Scythian, 
The proposed name is Persian. Much as the Greeks and Romans called all nations 
except themselves barbarians, the ancient Persian, designated by the name Turan all 
those parts of Central and Northern Asia from which so many wild and formidable 
enemies were in the habit of descending upon the south. The ancestors of the Turks, 
Mongols and TJgrians, were assuredly among them. 

The Kongollaas.— Bounded by Tibet, China, the Mantshu country, Siberia, 
Independent Tartary, and Chinese Tartary, lies, in the centre of Asia, the country of 
the Mongols, or Mongolians Proper, the Mongols, or Mongolians, in the limited and 
•special sense of the word. 

Eiatka, their frontier town, on the boundaries of Russia and China, lies more than 
2400 feet above the sea-level— without being situated on a mountain. This, as Mr. St.. 
John remarks in his paper on the Mongols, is higher than *' the towns of the Hartz, or 
the Swiss Alps ; and there is a continual rise to Urga." * In fact, Mongolia is the most 
elevated part of the great Asiatic steppe— the watershed to two systems of rivers, the 
rivers that, like the Yenesy and tiie Lena, fall into the Arctic Sea, and the rivers 
that, like the Hoang-ho, the Menam, and theMekhong, fall into the China Sea. Mon- 
golia is the widest watershed in the world— extreme in climate, bare in surface. And 
the Mongolians are the most nomadic of populations. The horse, the sheep, and the 
small black buflalo of the steppes are their domestic animals ; their home, the tent ; their 
food, milk more than flesh, and flesh more than com. 

We are prepared for the physiognomy of the Mongolians'— for his flat face and broad 
skull, and for the oblique eye ; for exaggerations of the Chinese types. The current 
power of the term Mongolian, in its wider and more general sense, implies this. Add 
• " Journal of the Ethnologrical Society," vol. i. 
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to this, that the nation lives almost on horseback, and has the legs short, the feet small, 
the calves imdeveloped, and the knees bent out; with thick thighs, small waists, and 
long vigorous arms. The statement, that the breadth between the eyes is that of a man' 
hand, is an exaggeration; so is the statement that a ruler laid across the two cheek- 
bones would pass over the depressed nose without touching it* The nasal bones arc 
certainly but little elevated ; but in the case of the eyes the distance is apparent rather 
than real. The inner margin of the orbits, the eye itself, are not inordinately separated 
from each other. It is the crescentic fold at the inner angle of the eye, covering as it 
does the lacrymal gland, that gives the breadth* The insertion of the teeth is oblique ; 
the upper maxillary bone massive ; the zygomas curved outwards. It is this outward 
curve of the zygomas that makes faces flat ; and the size of the maxillary that gives them 
roundness and fulness in the middle parts. K the lower jaw also be massive, the f&ce 
ia round or square ; but it is often pointed, and so the face gets compared to the lower 
half of a lozenge. 

This physiognomy is imiform throughout Mongolia, and the habits of the Mongo- 
lian are uniform also. 

The great conqueror, Zingiz-Shan, was a Mongolian. He is generally spoken 
of as a Tartar, but Mongolian is the better term. Zingiz-Ehan was a Mongolian 
and not a Turk< Tamerlane was a Turk and not a Mongolian. China was con- 
quered by the Mongols rather than by the Turks ; India by the Turks rather than the 
Mongols. Yet India is the empire of the Great Mogul, and both conquests are called 
Tartar conquests* Under Zengiz-Ehan and his immediate successor, all the parts 
between the China Sea and the frontier of Bavaria were overrun by Mongols. 

At present, the Mongolians are quiet, peaceable Buddhists^no conquerors at all, 
but rather monkish-minded men, subject to China — a few to Bussia. Such being 
the case, it is difficult to realize a notion as to what they were when Europe trembled 
at their name. The notices of the Venetian traveller, Marco Polo, who visited the 
court or camp of the grandson of Zengiz-Ehan, best help us here. 

In their nomadic habits they were much the same then as now. ^^ The Tartars,'' 
so writes Marco Polo, meaning by Tartars the Mongolians, '^ never remain fixed, but 
as the winter approaches remove to the plains of a warmer region, in order to find suffidant 
pasture for their cattle ; and in summer they frequent cold situations in the mountains, 
where there is water and verdure, and their cattle are free frt)m the annoyance of 
horse-flies and other biting insects. During two or three months they progressively 
ascend higher ground, and seek fresh pasture ; the grass not beiog adequate in any one 
place to feed the multitudes of which their herds and flocks consist. Their huts or 
tents are formed of rods covered with felt, and being exactly round, and nicely put 
together, they can gather them into one bundle, and make them up as packages, which 
they carry along with them in their migrations, upon a sort of car with four wheels. 
When they have occasion to set them up again, they always make the entrance front 
to the south. Besides these oars, they have a superior kind of vehicle, upon two 
wheels, covered likewise with felt, and so e£Pectually as to protect those within it from 
wet, during a whole day of rain. These are drawn by oxen and camels, and serve to 
convey their wives and children, their utensils, and such provisions as they require. 
The women attend to their trading concerns, buy and sell, and provide every- 
thing necessary for their nusbands and their families ; the time of the men being 
entireiy devoted to the employment of hunting and hawking, and matters that relate to 
military life. They have the best falcons in the world, and also the best dogs. 
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They «ub0ist entirely upon fleeh and mSk, eating the produce of tkeir sportj and a 
certam small animal^ not tinlike a rabbity caUfed by our people FharaoKn mioe^ wixich, 
diliing t&e summer seamn, aie fofond in great abundance in the plains. BUt th^ like- 
wise eat flesh of every description, hcoBes, camels, and ev«n dogs, proTtded they are^. 
Thfcy drink mares* milk) -which th6y prepare in such a manner that- it has the qnaHtiGs 
and' flavour of white wine/' This is much similar to what tak^ place at present. 

They were polygamists, and that of a peculiar kind. " The men are allowed the 
indtdgence of taMng as many wives as they choose. Their expense to the husband is 
not great, and on the other hand the benefit he derives from their tradihg, and from the 
occupations in which they tire constantly engaged, is considerable ; on which account 
it is, that when he receives a yotmg woman in marriage, he pays a dower .to her parent. 
The wife who is the first espoused has the privilege of Superior attention, and is held tcT 
be the most legitimate, which extends also to the children borne by her. In consequence 
of this unlimited number of wives, the offspring is more numerous than amongst any 
other people. Upon the death of thfe father, the son may take to himself the wives he 
leaves behind, with the exception of his own mother. They cannot take their sisters' 
to wife ; but upon the death of their brothers they can marry their sisters-in-law. Etery 
marriage is solenmiaed with great ceremony." 

More valuable are the scanty notices of their -original Pagan cree3, now displaced 
by Buddhism. " They believe in a Deity whose nature is sublime and heavenly. To 
him they bum incense in censers, and oflfer up prayers for the enjoyment of inteHectual 
and bodily health. They worship another likewise, named Natigay^ whose image, 
covered with felt or other cloth, every individual preserves in his house. To this deity 
they associate a wife and children, placing the former on his left side, and the latter 
before him, in a posture of reverential salutation. Him they consider as the divinity 
who presides over their terrestrial concerns, protects their children, and guards their 
caittle and their grain. They show him great respect ; and at their meals they never 
omit to take a fat morsel of the flesh, and with it to grease the mouth of the idol, and 
at the same time the mouths of its wife and children. They then throw out of the 
door some of the liquor in which the meat has been dressed, as an offering to the other 
sphits. This being done, they consider that their deity and his fEunily have had their 
proper share, and proceed to eat and drink without fother ceremony. Tlie rich 
amongst these peo^de dress in cloth of gold and silks,* with skins of the sable, the 
eimxne, and other animals. AH their accoutrements are of &n> expensive kind." ' 

Blio-barous in their funeral ceremonies, they made it an *^ invariable custom that aU' 
the grand Tstms^ and chiefs of the race of Chinffis-kan^ should be carried for interment to 
a tsflrtsin lofty monxttain, named Mtai ; and in whatever place they may happen to die, 
aMhough it should be at the distonce of a hundred days' journey, they are, never&eless, 
conveyed thither. It is likewise the custom, during the progress of removing the bodies 
of these princes, for those who form the escort to sacrifice such persons as they chance 
to meet on th^ road, saying to them, * Depart for the next world, and there attend upon 
your deceased master !' being impressed with the belief that all whom they thus slay 
dof actually become his servants in the next life. They do the same also with respect 
to hoises, killing the best of the stud, in order that he may have thenise of them* When 
the corpse of Mon^ was transported to this mountain^ the hoxisemen who aooompanied 
it^ hftving this blind and horrible persuasion, skrw upwards of ten thousand persons 
whofcSl in their way." 

The organization of a people of conquerors always commands attiention ; and Matco I 
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Vtk&a imnitiye supplies infermftlion on this point : — ^^ When one of the gveat Tutor 
ekieft pXDcaeds on an expedition) he puts faimaelf at the head of an samsy of a huadsed 
thonnad boras, and organizes them in the following manner : — 'He • appoints an ofider 
to the eommMid of every- ten men, and others to command a hnndred^ a thousand^ and 
ten thoasaad men Tce^eotivMy. Thus ten of the officers commanding, ten nien taike 
their 'oidjQni fhmi him who commands a hundred; of these, each ten from. him who 
commazidfl a thoosaad ; and each ten of these latter &om him who cominianda ten 
thoasuidit By this arrangement, each officer has only to attend to the 'management of 
ten men, or ten hodies of men ; and when the commander of these hmidred thousand 
mien hM ooeasion. to make a detachment for any particukc service, he iasues hia orders 
to thetcommimden of ten thousand to fdrnish him with a thousand men each ; and 
these, in the like manner, to the commanders of a thousand, who give their orders to 
those commanding a hundred, until the order reaches those commanding ton, hy whom 
the waaibnt re^piized is inanediateiy supplied to their superior officers. A hundred men 
STB in this manner deUvered to every officer commanding a thousand, and a thousand 
men tO' every officer commanding ten thousand. The drafiing takes place without 
delay,* end all are implicitly ohedient to their respective superiors. Every company of 
a himdt^d hien is denominated a tucj and ten of these constitate a toman. 

*' \V^en the army proceeds on service, a body of men is sent two days* mardi in 
advance^ and parties are stationed upon each flank and in the rear, in order to prevent 
its being attacked by surpriae. When the service is distant, they carry but little -with 
them, ami that, chiefly, what is requisite for their encampment, and utensils for co^dng.. 
They subsist for the most part upon milk, as has been said. Each man has, on an 
a^wragej- eighteen horses and mores, and when that which they ride is fatigued, they 
change it for another. Th^ axe provided wilh small tents made of felt, under which 
they sbldter themselves against rain. Should circumstances render it neeessary, in the 
executi6B<of a duty that requires dispatch, they can march for ten days together wiUi- 
out dxMsing viotuais-: during which time they subsist upon the blood drawn irom their 
horses, each man opening a vein and drinking from his own cattle. They make pro- 
visiott also of milk, thidkened and dried to the state of a hard paste (or curd), which is 
cafled 1tunii».*' 

Th^ Hongolians are related, on the one hand, to tho Turk, on the other to the Tun- 
ffttsian stocks— to the Turks on the west, to the Tungusians on the north and cast. 
Th^<fl]ret la order of notice will be 

The Tungnsians. — ^The Eussian government of Irkutsk is the great centre of 
this stocky but they also extend beyond it. There are Tungnslana as far west as the 
river TMsey, <^d Tongusians as ^ east as the sea of Okotife. There are Tungnoans 
at thoaiedbof'the peninsula of Eamskatka, and Tongusians all. along the northern fix>n- 
tier of China. Indeed, the Chinese and Tungfoaian bonmdaiies touch -each other; the 
Oianiseetbemg the population that enoroaohes. We find this if we read about the parts 
north of the Great Wall, or if we study the geography of the great river Amur, or 
SlslingA^ DUEdTeat maps give u»difierent names. The older ere Tungnw'an, the newer 
CSuness. In sevvral, Ihe nomenclature is bilingual. There is the original Tungnsian 
na(mefoi>-«<plaee^ andthere is the Ghinese synonym or tran^tion of it. So that, in 
respeer io indnfitry, ocramMmal enterpriEe, and the other means by which, during a 
time of iMoe, one natiott eneroBches on another, the Chinese may reasonably be aup^ 
posed>t»hlive the advantage. He helps to civilize the Tungusian. This is what the 
Greek did with thia Roman. The Boman, ne^rtheleBS, was the lord and master^ th^ 



Digitized by 



Google _ 



320 THE TUNGU8IAN8. 



conqueror in the time of war. And so it is here. The last of the so-called Tartar 
dynasties that conquered China, the dynasty that, at the present moment, rules the 
Celestial Empire, the dynasty attacked by the present rebels, is a Tungusian dynasty. 

Speaking specifically, the present ruling dynasty is Mantshu ; but the Mantshu is 
only one division amongst many. The generic name for the dass to which it belongs 
is Tungusian. It is scarcely a native term — ^not at least as a collective designation. 
Some of the particular tribes call themselves heye (men) ; some donhi (people) ; but a 
collective generic name for the whole is wanting. Tofiffttsiany however, has arisen out 
of the word donki, which, when adopted by the Chinese, becomes Tung-ehu. 

Some of the Tungusians are subject to Eussia, some to China ; if, indeed, we may- 
call any members of the stock to which the ruling dynasty belongs by the name of sub- 
ject. The Daourian division lies on the frontier of the two empires. 

The name implies this. Daouria means a boundary ^ border, or march; so that 
the Daourian Tungusians are the marchmen or borderers of the Russo-Chinese border. 
Their creed, for the most part, coincides with their political distribution. In China 
they are Buddhists, like the Mongols ; in Kussia, imperfect {very imperfect) Christians 
of the Greek Church, and Shamanist Pagans, More of this latter creed survives 
amongst the Tungusians than amongst the Mongols. No wonder. The Tungusians 
lie furthest north ; so that civilizing influences from the south reached them last. Their 
alphabet came from the Mongols, as that of the Mongols did from the Uighur Turks, 
and that of the Uighur Turks from the Syrian Christians. It is only the Mantshu 
dialect to which this alphabet has been extended. The rest are unwritten. They 
are numerous. 

Some of the Tungusians tattoo their faces. Some occupy an area north of the range 
of the horse, and within that of the rein-deer. This gives lis a division into the 
Reindeer-tn}[iQ& and the .^or^^-tribes. Lastly, the Tungusians of the extreme north 
drive dogs instead of dee]>-HSO that there is a third division foimded upon the use of the 
three different domestic animals. The coldest parts of all Asia lie within the Tungusian 
area ; and in the Tungusian area the hardiest trees disappear soonest. All beyond the 
tree-line — ^the line of the birch and willow — ^is tundra; a name implying the absence of 
trees, along with the preponderance of black bog and moor and cold swamp over the 
arid levels of the steppe. The steppe is bare and dry; the tundra bare and 
water-logged. 

As compared with the nations to the north of them, the Tungusians seem to have 
been conquerors and intruders. 

In more than one place they seem to have pressed forwards between populations 
originally continuous. Thus some of the populations of the Obi and Yenesey are more 
closely connected with the tribes of the Indijerka and Kolyma than they are with the 
interjacent Tungusians of the parts between the Yenesey and the Lena. This looks as 
if the direction of the Tungusians had been from south to north, probably from the 
south-east. 

The history of the Tungusians begins but late, inasmuch as they lay beyond the pale 
of Greek, Roman, and Arab intercourse. The Turks came in contact with western 
nations first ; the Mongols next ; the Tungusians last. The Chinese histories mention 
an important tribe called Niuju, which was certainly Tungusian, probably Mantshu. 
But, even in Chinese history, they play a less prominent part than the Mongols. 

The following names, common in maps and travels, are the names of different 
divisions of the Tungusians — ^Mantshu, Daourians, Tshapojirs, Lamuts. 
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The Turk*.— The word Turle means not only the Turk of Constantinople, but the 
Turcoman of Turkestan, on the northern frontier of Persia ; and it means not only the. 
Turcoman of Turkestan, but all .the populations, wheresoever they may be located, land 
under whatsoever names they may be known, that speak a dialect akin to the Turkijdi 
of RumeUa and Anatolia, to the Turcoman of the Persian frontier, and to the Tartar of 
Independent Tartary. There are good reasons for using the word in this wide sense. 
In order, however, to avoid confusion, the Turks of Turkey in Europe will be called 
by the name they themselves use — Osmanli, or Ottotnan. 

The Turk stock is one of the widest spread in the world; and we shall see, before 
long, that it appears ia every climate, and under eveiy degree of latitude, from the 
Arctic circle to the neighboiurhood of the Tropics ; for we must remember that, although 
Egypt is not peopled by Turks, it belongs to a Turkish dynasty, so that Turks are to be 
found on the Kile. In Anatolia (Asia Minor) they are permanent occupants — long 
settled, and thoroughly acclimated. In Rumelia they have held Constantinople since 
the fifteenth century. Of Chinese Tartary we know little; but we know enough 
of the countries of Yarkend and Khoten to know that the occupants are Turks, and that 
they speak one of the Turkish forms of speech. 

It is not so generally known that within the Arctic circle, on the very shores 
of the Icy Sea, along the frozen Lena, a form of the Turkish is spoken by the Sok- 
halar or Yakuts, an outlying oflfeet of the great Turk stock in its most northern 
locality. 

The area covered by the Tuiks is vast ; and if the density of the popidation at all 
corresponded, the stock would be the most numerous in the world. Independent 
Tartary alone stretches through more than fifteen degrees of latitude. But the coun- 
tries which the Turk holds single-handed are but little favoured in respect to climate ; 
whereas RumeUa, Anatolia, Syria, and the more hospitable parts of Southern Asia, were 
not originally Turk, and contain Turks only as portions of a joint population. Never- 
theless, as compared with the Mongol and Mantshu, the Turk stock is a numerous one. 
Though large, it is by no means complex ; i. e. it falls into no important divisions, and 
into no multiplicity of sub-divisions. 

The Turk range of altitude is as remarkable as its range of latitude. The table-land 
of Pamere, 12,000 feet above the level of the sea, is Turk. Except the Tibetan, ' no 
Asiatic population lies thus high. There is no want, on the other hand, of low levels 
occupied by Turks, The main part of their area, however, lies high. Independent 
Tartary is a steppe. Now to occupy a steppe, generally means to live the life of a herds*, 
man, rather than on agriculturalist, and to dwell in a tent rather than a house. For the 
Turks of Central Asia, the horse is the domestic animal ; for the Yakuts, the rein- 
deer in the southern, the dog in the northern, localities. 

The geographical distribution of the Turk stock is itself a history. It speaks to a 
long series of encroachments, invasions, conquests — sometimes of amalgamation with the 
conquered populations, and intermixture of blood. This complicates the question as to 
their natural aptitudes or inaptitudes for particular forms of industry, or for particular 
kinds of civilization. The Turk, except where ho enlarges his area at the expense. of 
some southern population, is removed from the soils that suit agriculture, from the seas 
that facilitate commerce, from the relations that generate trade, markets, cities. He 
builds not, neither does he sail ; he is not naturally a sower and reaper ; he is what the 
steppe makes him. At the same time there is such a thing as Turk agriculture, «.'y. in 
the Crimea, and in the valley 'of the Jnrjan. The Turks of the Jurjan are the Yamud and 
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QiiUBa tiibw of Ibe Tureomfms, andHiciriixea k Ike soiitli-eartem sideof 4be Oaspiaii. 
fisre, wli«re a ziTor &T«nr8 indnrtry, indmi^ beoameB agrieulturBl. 

^Bst to the 4iid>, tiiB Turk is Uk nBMSt M dMnnetan fiunQy in tibe woild. At ihe 
sMoe time tiie YakntB-pieienre mash of their olSL BhtoBBiiist Paganism. A ftw haye 
heeiL coixverted to the Qieek. chun^. 

l^e pfaysiiognamy of tiie Astatic Turk is modified Mongolian. In £m«fe, wkere 
ftare luubeen much intermixture, a change of feature ti^ee place. The heard, espeeJaUy, 
increases. Such is the case with the Osmanli ; hot tiieOsmanfi, it must be nmiembered, 
an ^Msentially exceptional. The Turks of Chinese Tartaiy, the Uzbek Tni^s of 
Mrhara, the Turcomans, the Kirghiz of Independent Tartary, the Teleuts, and oUier 
Tnsksvof Siberia, are all Mongol in coDformation. The Crimea is Turkish in respect to 
its etiuieiogy, though Russian in respect to itspolitios. 

Vlw H^giiaaui.— This is the name of the four&, the most western, and at the same 
the most northem of the Turanian stecks. .ABowing lor the seeondaiy exten- 
of tiie great Turk stock, the ITgrians lie in-conteet widiits northern -tmd western 
ies.; so that, if wq mo^e fix>m Asia -to Europe, the Ugrians meet us on the 
way. Their eastern branch, however, lies duenordi of the Turks; due north Also of 
Mme of the Tungusians. 

lii^land is Ugrian. ThcSamoeids are ITgrian. The Yukahiri, at ^e mouiii of the 
nwtaa Kolyma, Tana, and Indijirka, are Ugrian. A great portion, indeed, c€ tiiose 
populations of the Old World, which lie within the Arctic circle, are Ugrian. T3ie 
Ugrian family, if not the most Ameiioan of all tiie Asiatic families, is second only to the 
fianimnilBr stock. 

TbB primary diyiaions into idiieh tiiis stoek faBs is that of (1.) the Easteni, (2.) the 
Wntexn U^grians. 

1. The Eastern are either Samoyeds, Yemseions, and Yid»hiri, all popidations of 
Asia, the Yukahiri "being l^e most eastern ; none (^ these are in contact with each 
allnr,?inasmucli as northern oSMte of the Tungusians and Turks separate them. They 
ana aU nomades — all in the tundra rather than in the forest. 

2. The Western Ugrians consist of the] Laplanders, the Finkmders, the Ttermians, 
Hiranimw, and Yotiaks of -the Russian govemmente of Perm, Y(dogda, and Yiatka ; 
the fj^eremias, tiie Mordvins, the TshuTash, on the middle Yolga ; the Y^^uls and 
0stiaks on the ridge of the Ural mountains, and along the rivers Obi and Yenesey, and 
finally the Majiais of Hungary. Between tiie extreme types there voce broad difEer- 
fliB»9y «. ff'j between the Laps and Majiars. So there is in respect to their social and 
soteUectual histories. 

In regard to physical form the Ugrians are light-hMred, rather than dark—many of 
them are red-haired. This is the fiist stock where the colour has, in any notable pro- 
portion, been other than dark. 

The Majiars] of Hungary belong to the Ugrian stoek — a fact which has long been 
kmMm to phildogues, but which is not sufficiently flattering to the Majiar pride 
to he willingly admitted. So, however, it is. But as the Majiars are outlyers, 
having conquered Hungary from the southern part of the Uralian mountains, they 
lie beyond the true Ugrian area, just as the Osmanli of Rumelia lie beyond the Turk. 
Laying aside, however, the Majiars, the Ugrian stock extends &r southwards, and 
fat westward as weU — to Lapland in the latter direction, to the MorSvin country in 
the fonner. Kow,]^the Mordvins occupy parts of the Russian governments of Kazan, 
Soatov, Simbirdc, imd Tambov; so that the Ugrians extend as far soutii as the 
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latittttbe of Lontbaidy fflidTiedmont — 'TTartiheni ItsQy ; thence to fhe J&r6tic drcle, as 
aforesaid. 

The norffwiimiost portions of ilie Fgrifoi «rea«Te ttmSreu. "Here the ixllu^iaiits 
are nomadic, witii iSie rein-^deer for their <l(nn«8tic animal. They live, too, in tedts. 
Elsewhere, however, "the TJgrian dwells in hotises, and tills tiie soil. The tribual 
organization grows less prominent as we advimce westwards. The steppe, gives wtty to 
Ihe forest; for allnvial tracts, thickly wooded, are occupied hy the various Ugrian' popu- 
lations along the whole of the upper and middle Tolga. These are no great mountains 
intiie TJgrian area; the m6st considerable range being Ihat of the Uralians, between 
^Europe and Asia. These ure ccld and inhospitable ; not because ihey attain any great 
idevation, but because they ran far towazds the north, and lie far inland. Their €M)cu- 
pants are the VDguls, a population of hunters in the counlay of the bear, the beaver, 
the glutton, and the elk — hunters of the forest rather than the ^Tracr^ ^yr open country. 

As huntws of the extra^tropical forest, raliier tixan the open country, the Yoguls 
acre the most northern tribes in iSbte world— as hunters of game, rather than as fillers. 
This last is 'what their neighbours are — ^the Ostiales of the riveis Obi and Yenisey. 
Contrast these two tribes with their neighbours of the south and w«rt— with the 
Ugrians of the leveller country and the alluvial soils on theTiatica and Sasaa, and we 
see the ^difference hetween a life of agriculture and a life ttf ^venatorial activity. The 
size of tho villages gives us the means of comparison. 'With the Voguls, the villages 
consist of some five or ten huts, -made of poles, branches, bark, or «kms, with a 
distance between them of not less than ten or twelve miles; -so much free space-being 
necessary to the sustenance df the hunter. The Tsheremiss -villages number from 
thirty to forty houses. The Tshuvash are'larger still. 

The Yogul and Ostiak are undersized, even as compared wi^ '&e ngriouHural 
tribes — not, however, as compared with those of the tundras. Their face is eminently 
Mongol; so much so, that the eminent geographer Maltebrun has aHowed himself to 
believe that they are a " Ealmuc population, conquered at some far-back period hy 
tite Hungarians, who imposed upon them their language." No philologue, however, 
assents to this. The Yoguls are the more Mongol of the two. 

The word ffunfforian introduces a new series of facts. It is to these venatorial and 
piscatorial TJgriana— these Toguls of the TJralian ridge, and these Ostiaks of 'Ihe lower 
Obi— that fte Majiars of Hungary are the most closely allied ; at least in language. 
How is fiiis explained ? That the Majiars are an intrusive population, who invaded 
Europe from the north-east, in the tenth century, is a matter of history. That their 
original country was the southern part of the Urals, is a matter of almost equal 
certainty. Tf so, they were the third branch of a TJralian division of the Ugrian stock, 
whereof the Yoguls and Ostiaks were the other two. But their habits have changed. 
So have those of the TJgrians of Yologda and Yiatka, who were once hunters like the 
Yogul, but are now tillers of the soil like the Finlander and the Esthonian. 

To the character of the Majiars of the tenth century, when they won their present 
quarters, let the old chronicle writers give their testimony. " Out of the aforesaid 
parts of Scythia did the nation of the 'Hungarians, very savage, and more cruel than 
any wild beast — a nation that some years z^o was not even known by name — ^when 
pressed upon by the neighbouring people of the name of Petshinegs, come down upon us ; 
for the Petshinegs were strong, both in numbers and vahrar, and their own soil was not 
sufficient to sustain them. From the violence of these the Hungarians fled, to seek 
some other lands that they might occupy, and to fix their settlements elsewhei^. Bo 



Digitized by 



Google 



324 THE UGBIAN BACES. 



ihey said Farewell to their old country. At first they wandered over the solitudes of 
the Pannonians and Ayars, seeking their daily sustenance from, the chase, and by fishing. 
Then they broke in upon the boundaries of tiie Caiinthians, Moravians, and Bulgarians, 
with firequent attacks. Very few did they day iciih the stoord-^many thousands with their 
arrowsy which they shot with such skill from bows made of horn, that it was scarcely 
possible to guard against them. This manner of warfare was dangerous in proportion 
as it was unusual. The only difference between the Hungarian manner of fightiag and 
that of the Britons {sic) is, that the former use arrows — ^the latter darts." 

Again:-— ''They never knew the ways of either a town or a dwelling, and they 
never fed upon the fruits of human labour until they came to that part of Eussia which 
is called Susudal. Till then their food was flesh and fish. Their youths were hunting 
every day; hence, from that day to this, the Hungarians are better -skilled tban other 
nations in the chase." 

Looking solely at the physical conditions of his area, and remembering that 
he belongs to the most northerly group on the face of the earth, we may place the 
country of the Ugrians amongst the more favoured portions of the extra-tropical 
world. The oak and lime grow in its southern parts ; the fir and birch extend beyond 
the Arctic Circle in the northern. There is abundance, too, of mineral wealth. 
Nevertheless, the Ugrian population is scanty, fragmentary, and dependent. It lies 
between two stocks eminent for their aggressive character — the Turk on the east, the 
Bussian on the west. For this reason there is only one country where the stock is 
well represented, and that is the Duchy of Finland. In the Duchy of Finland alone, 
about one-half of the.whole Ugrian population is contained. Here and in Esthonia we 
find the Ugrians, for tiie first time, in contact with a practicable sea ; for the Arctic 
Ocean, which washes the sea-board of the Laps and Siberians, can scarcely be taken 
into account as an element or instrument of civilization. But the Baltic connects the 
western Ugrians with the nations that best represent European civilization — the 
Germans and the Swedes. Here, though the physical conditions of soil and climate 
are but indifferent, the social development of the Ugrian stock attains its best develop- 
ment—better, however, in Finland than Esthonia. 

The northern Finlanders come in contact with the more southern Laps ; the rela- 
tions between the two divisions being of interest. In language they are liker than in 
bodily organization and habits. On the other hand, the bodily organization of the 
Lap is more like that of the Samoyed than is his language. Hence the evidence of 
the two tests, or criteria — the anatomical and philological — differs. 

I believe, however, that the difference is greater in appearance than in reality ; 
inasmuch as, at one time, the Laps were extended much further south than at present, 
and that on both sides of the Gulf of Bothnia. Thus they covered nearly the whole of 
Finland, and nearly the whole of Norway and Sweden —some say the tcJiole. This was, 
of course, before the forefathers of the present Finlanders moved northwards, and before 
the fore£Eithers of the present Norwegians and Swedes did so. As the one encroached, 
the other retreated. This is the history of the weaker families of mankind all ihe 
world over. But this is not all. Wherever two families of strongly-contrasted frames 
and habits arc brought into close geographical juxtaposition, and there is no corre- 
sponding change of the physical conditions of their respective areas, there has always 
been encroachment and intrusion on the one side or the other ; on the side of the more 
southern population of the two when the area is Arctic or Sub- Arctic, or the side of 
the more northern of the two when the area is Tropical or Sub-Tropical. Now the 
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result of such encroachments is the obliteration of transitional and intermediate forms. 
That the Findlander has encroached on the Lap is a matter of history. That he con- 
tinues to do so is a matter of observation. 

Except the Xaps and Finlanders of Norway and Sweden, and the Majiars of 
Hungary, all the Ugrians belong to the Russian empire ; and where their Christianity 
has come from Russia, they belong to the Greek Church. In Finland and Esthonia, 
where the influences haye been Swedish and German, the creed is Lutheran. With the 
eastern Ugrians, Paganism is the rule ; with the western, the exception. It occurs, 
however, amongst the Ostiaks, the Yoguls, the Yotiaks, the Tsheremiss, and the 
Tshuvash. Of the Asiatic creeds — such as the Mahometanism of the Turks and the 
Buddhism of the Mongols— there is nothing, or next to nothing, amongst- the tribes of 
this stock. 

As the eastern Ugrians are amongst the most American of the Asiatics, the western 
arc amongst the most European. 

The Peninsulas Stock. — Up to the present time, ninety-nine hundredths of our 
ethnology has been continental; i.e. it has dealt with -populations either far removed 
from the sea, or populations with an inconsiderable and unimportant sea-board. The 
absolute islanders have been few— very few indeed ; few amongst the Monosyllabic, 
fewer still amongst the Turanian populations. Yet the ocean is one of the greatest 
amongst ethnological influences. It is important, in even its simplest relations, to the 
lands it washes. It is important, even if we look upon it merely as a source of a 
firesh kind of aliment ; calling to our minds such denominations as JUh-eatera, or the 
more learned term lehthyophagi. It is important if we remember its influence on 
climate, and contrast the effects upon the human frame of moist and fresh atmo- 
spheres, like those of Ireland or New Zealand, with the cold and parching winds of the 
Mongolian steppes, and the hot and parching winds of the African deserts. 

Far more important, however, is the influence of the ocean as a highway between 
people and people. It always leads somewhither. As a proof of this, no island, larger 
than those of the Falkland group, however distant from the nearest point of land, is 
iminhabited ; although, it should be added, that Madeira and Iceland have been peopled 
within the historical period. 

Kow the ocean that washes the north-eastern shores of Asia leads from tho Old 
World to the New, and the stock under notice occupies the islands and peninsulas of 
its Asiatic side. 

The divisions of the Peninsular stock are — 

1. The Coreans of the Peninsula of Corea. 

2. The Japanese of Japan and tho Lu-chu Islands. "With each of these divisions 
liie civilization of China has struck root. 

8. The Aino of the Kurile Islands, extending from Japan to the southern extremity 
of Kamskatka. 

4. The Kamshadales of the Peninsula of Kamskatka ;^ a population exceedingly 
reduced in numbers. 

5. The Koriaks and Tshuktshi. — ^With the exception of a tract of country along the 
eastern side of Behring's Straits, and about the mouth of the Anadyr, which is the 
occupancy of an Eskimo population called Namollo^ theEoriaks occupy the north- 
eastern extremity of Asia, bounded on the west by the Yukahiri, and certain Tungusian 
tribes, and, on the south, in contact with the Kamskadales. In respect to their civili- 
zation, they stand in strong contrast with the Japanese. In physical appearance 
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they hxre ofteaflc been conpaEred wiih.tiiB Amencaa Indian than hur any other tribe 

The extremes of the Peninsular stock lie within oamparatively narrow limito. The 
Japaafise are the most civ^ixed, tho iKoriaJbs ^tbe rudest, the Aino of the Knrile 
Islands the most insular. These isles are smell,, and their latitude high ; so that their 
atmosphere ia sttrcharged with moiature. Strange storiea are told abont the appearanae 
and habits of the Aina The women are said to take delight in auiekling yonng bean. 
The men are. said to be eoyered with hair over the whole of the body. Both these 
staiteaents require Anther support. 

AiBOTigwt the Govttiasy Siebold, who ia our beat authority, describes tw« yarietiea-of 
l^yneal fonn. One is ^ninently Mongol. The other reminds the obaerver of the 
European— that is, the face is less flattened, the zygomata loss curved outwacrds, the 
noae more a<mi1iilft. There are also said to be departures from the usoal oharaoter of 
the Mongolian hair, as shades of brown and auburn are spoken of. 

Few parta of the world are lesa known tiiaa tiaese pemnaular localitiea. Between 
Ghin% Japan, and Busaift, there ia pl^ty of obscurity. The Soriak dlYiaian, eq^dally, 
is onstadied. 

Kmak is a generic name for a vaiiety of tiibea— some in contact with the Ugnan, 
Yttkahiri, aome with the northern occupanta of Eamakatka. Of those the moat important 
are the Tahtdctshi. They preserve Iheir independence of Busaiai so that their countiy 
can, with great difficulty, be yiaited. They seem to be a powerful people. They have 
encroached on the Yukahiri west, and. on the Kamskadaks south. The Eouiana am 
unwilling: or unable to interfere much, with them. The chief saBrces:of our in£6nnatiQi( 
are a notice of Matiushkin's in WrangeLTs Travels in Siberia, who yisited their 
ooontry from the west, and Lieuteaiant Hooper'a work on the Ikuki (aa he calla the tifta 
with which he oaioa in ottitaot), deseriptiye of the pepulationa to the north of Behiing*8 
Stta«ta« Their paganism, which extmda in an unmodified form through the whole 
length and breadth of their area, ia of the Shamaniat kind, so prevalent in OcBUtral Acw 
andiSiheria ; tih^-aoeial. organization complex ; l^ir frames and oflBstitutEonayigoraiia. 
^ooB^aredwith the NaxncdloB^ who rove f^m place to place wi& their reinrdfien aoBd 
their canoes, they are stationary, and by this name they are oftoi <liatingniiahed. 

A ttaUmary Takuil^ki ia « Koriak ; a rMfh-dter Takukt^ aZ^amdlo. €k)Bfd8i0n, 
4gainat, which we shenld guard ourselves, haa arisen from theae equivoeal tenna* 

The parts under notice lead us towards America. So do the popiilatiftTWK Yet 
America will stand over for a while, since our notioea of Afiia.req^ttire oompSfitijBn. - 

The next group has a somewhat cumbroua dBtiomination. We mnat, lor the 
pareaent, caH it the Caucaium, in the limited mteeof the^term. 

We must use this roundabout form of expression^ because, from the time of 
Bl^me^bach downward, th^ word haa had a double aense--^ narrower, and c wider 
one. 

In( ita naxrower sense, CkMcmi(m meana the p^^lttiona between the Black Sea and 
the Caspian, the popidations of which the mountain range of Caueaaua- ia the oceor 
panoy.. The English and Ffen^ politicians nnderatand: woU what ia meant by the 
term^ The Biiwiain understand ita nwaning even, better.. It meam those tribea who, 
hke the Gireeeaiaas^ give ao much trouble to the Bnaaian ganexab, and defend, their 
frontier ao soooeaafbUy ; tlUMMr tribes who fight under Shamyl for a Jead«r» It meana, 
too, ,th& softer and mororediwabte Qeorgian% who an good and tractable aubjeota to the 
Gxav. It meofla theae and -the allied popiilaitioB% flU of whom are more or leea maDfr> 
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taixieer, and. all of whom lis wthin the regioiL of Caueasu& It does not, howovniv 
zaean the Tnika and Riiasiaii& to the north, nor yet the Peisians to the somfli and 
east ; though we must remember that all these pc^idations are in the neighhomhood. 
This is the limited power_o£tiie word Gauccuiatu 

In its wider sense the term comprizes, along, with mMt of the |M»pulations denoted 
by its more restricted signification, a yast and heterogeneous multitude of tribes, 
families, and stocks. In its wider sense it compnses the Greek, the Indian^ the 
Italian^ 1^ German, the P^, Hie Frenchman, the Persian, the Engiishman^ Hie 
Welshautn, the Iridi Gael^ the Soflftoh Gael, the Maaksman, the Jew, the Arab— »- wide 
range this — an important class this ; an important elass, if retl. 

In the language of Bltimenbftoh and Guyier, cmd, to a certain extent, in thaltaf 
Prichard also, the Caueasian includes the inhabitants of the oontineatal parts of file 
Old "World, which are neither Mongolians nor Negroes, in their physical conformaCLoxh 
How came the term to be chos&n^ When Elumenbach investigated crania, the best- 
shaped flkuU in his museum was that of a Georgian. It was so well shaped, aeeovdlBg 
to the European standard^ that he made it the type of his second class, just as he made 
a Mongolian the type of his^^sl. And just as he used the tenn M^ongolian in a wnfe 
as well as a restricted sense, did he, in like manner, use the term Caucasian. Experience 
has shown that it was not well chosen. 

So mueh for the verbal question as to the name of a partimdar ddsa. The reoTqam- 
tion, 88 to tho truth and accuracy of the dass itself^ is another matter. How is it that 
the woid M<m$ol holds ite ground, whilst Caucatian wiU have to be abandoned. Mbm^aMm 
has two powers — CbfCMM^t ha»no more. Yet the practical diHeulty of distinguiaifiiig 
between the Mongolian cf Mim^oHa-ipt the Mongolian in the limted sense of the term), 
from the Mimffol of the great Mjm^ class, has neyer been so great as to endanger<lke 
use of tbe double term. 

The answer to this lies in the fitct that the ddas eaUed Caucasian ts not a natHratmi, 
It is founded upon negative charaeters^ quite as mueh as upon po9Himovte&. A skull yj^sasSb. 
approadied that of BlUmenba^'s Georgian^ was- Caucasian; but a skuU was also'Caii- 
casian^ if it were,- atone and the same time, a filniU from the continentBl parts of 
either Asia or Africa, and a skufl that belonged to neither a Mongol nor aI?egro. GRh*- 
siftcations^ of the Mnd are rarefy- satfefaotory— rarely permanent. The Mongel ottos 
was natuffd as &r as it wen^; f. e* none of the populations included in it wa*e mispliieed. 
It did not, indeed, include all Ihat it should haye done ; but this was a matter eosfljr 
rectified. So the term' JH^ngfol keeps its ground. 

The Caucasian elass was fkidty in the opposite direction. It include mea^ 
than one populatien that no -single dass of like value ^ould'have ineludedi It in- 
cluded' the Arab, who was bet a diflfereat category from the western European, and it 
included the western European, w&o was in a different category from the Caueasian of 
Caueasns; 

The great bidk of this wi8e and general Caucaraan' class, or family, consistedTof I3£e 
Euitipeats of western and southem^Burope, the civilized nations of "Qie world. So that 
Caucasian became one of tibe eomplimentary terms in Ethnology. Gredc art was 
Caucasian ; Roman jurisprudence, Caucasian ; Jewish monotheism, Caucasian ; Angl^ 
Saxon fi^eedem, Caucasian ; the American institution of slavery, Caucasian ; and' even 
Freneh flshions and G^fnuan philbsophy were Caucasian. From all this it soott ^^ 
lew«d;ithat the least Oiknemmn of the great Oamasim^ races, so caXkd^ wereihsi ntOHieif ef 
McmAQmeamm-iiatlf, 
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OEOUP III.— The Caucasian Stock in the limited meaning op the term — 
(DioscuEiAN — Latham). — Physiognomy: European, rather than Mongol. — Lan- 
guage : Monosyllabic rather than European. — Area : Caucasus. — Divisions : 1. The 
Circassians. 2. The Mizhdzhedzhi (Mizhjeji). 3. The Ir6n. 4. The Georgians. 
6. The Lesgians. 6. The Armenians. 

Each of these groups falls into sections and sub-sections ; although, as may be 
expected, they are not all equally complex. ;Neyertheless, the fact of their being 
.divided and subdivided at all, is one of great importance. The classes are numerous ; 
yet the area is small, and, as compared with such vast masses of country as the Turk or 
Ugrian superficies, absolutely insignificant. At the same time it is broken up into 
impracticable valleys and isolated fastnesses — conditions that favour the formation of 
separate and independent communities. . 

We must take care, then, that whUst we bear in mind the important fact of there 
being considerable differences between the different sections of the stock before us, wo 
dp not forget the physical phenomena that favour their evolution. Neither must we 
forget that there is likeness as well as difference — similarity as well as points of con- 
trast. 

There is difference as well as likeness, — likeness as well as di^Terence ; and it is not 
jdifficult to distribute the points of the two. The likeness between the mountain tribes 
of Caucasus lies in their habits, temper, and physical conformation rather than in their 
language : the difference in their language rather than in habits, temper, and physical 
conformation. A great deal has been written about the extent to which one tribe is 
^iinlike another ; but it is upon the prominent, well-known, and long-ascertained dis- 
tinctions of dialect and language that this dissimilarity has been calculated. Had the 
modes of speech been as uniform as the manners and customs, less would have been 
said about the multiplicity of tribes and nations occupant of the Caucasus. I do not say 
that the whole population would have been included in a single class. I only say that 
less would have been said and written about the peculiarities of Caucasian ethnology. 

Ajs the points of difference have commanded the most attention, let us give them a 
conspicuous place. The ancients had to regard them. Gibbon, quoting Pliny, states 
that in the market-place of one of the Colchian towns,* Dioscurias, no less than one 
hundred and thirty interpreters were necessary for the transaction of business. Allow- 
ing for exaggeration, let us halve the sum. Then let us halve the remainder, on tho 
doctrine that a moiety of the men of business were Greeks, Armenians, Syrians, and 
^her nations foreign, to Caucasus. The remainder will still be considerable. 

Modem researches have confirmed rather than weakened the impression left 
by the references in Gibbon. The first collectors of Caucasian vocabularies were sur- 
prised at the number of what they reasonably (and, perhaps, rightly) considered to be 
mutually unintelligible forms of speech. The general philologues who came after them, 
and worked in the way of the arrangement and classification, still admitted the variety 
of tongues. It ended, however, in the establishment of the five primary groups named 
at the beginning of the notice ; not counting the Armenian, which no one but the pro- 
.sent writer makes Caucasian. 

But this was not all. Whatever might be the extent to which the Caucasian forms 
,of speech differed from each other, they differed in a still greater degree from those of 
th^ contiguous countries. For the northern frontier this was not surprising, since 
• On the strength of this, the present writer has suggested the term Dioscurian for the class. 
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there had been large conquests and corresponding displacements in the Russian govern- 
ments of Caucasus, Astrakhan, and the Don Kosak country. The Turks had overrun 
those parts — so had the Russians. No -wonder, then, that the line of demarcation on 
the northern frontier was clear, hroad, and trenchant. Everything that tended to 
obliterate such transitional and intermediate varieties as might once have existed, had 
taken place. On the south, however, things were different. Armenia and Kurdistan 
were each such tracts as Caucasus itself, the probable occupancies of old and primitive 
populations, retentive of old characteristics, representatives of a long line of ancestors. 
Armenia and Kurdistan, it might reasonably be imagined, should resemble Georgia and 
Circassia. 

They did to a certain extent ; but not to the extent that philologucs expected 
a priori. The Armenian language was a long time before it took a place in any philo- 
logical class at all ; and when it did so, it was not in the class that contained the 
Georgian, its next door neighbour. To the east and west lay the Black Sea and the 
Caspian. 

All this helped to isolate the Caucasians in the limited sense of tJie term ; the points 
wherein they most especially differed, both from each other and from the contiguous 
populations, being points of language. 

Let us now turn to the consideration of their physical conformation. "We have 
heard l^t, comparatively speaking, it is pretty uniform throughout Caucasus. How 
is it in respect to that of the populations around } 

The physical conformation of the Caucasians, in the limited sense of the term, is 
dissimilar to that of the populations on the northern, but not so dissimilar to that 
of the populations of the southern, frontier. In other words, it is more Armenian 
and Kurd than Tartar or ITgrian. It is in the south where the displacement of the 
originally contiguous tribes has been smallest. This leads tis somewhat in the right 
direction for the Caucasian affinities. 

"We are led further, when we discover that the difference between the tongues of 
Caucasus on the one hand, and of Armenia and Kurdistan on the other, has been exag- 
gerated. Some of the latest works on this subject have placed the Georgian and Arme- 
nian in the same class. 

The present writer agrees with this arrangement. He agrees to the doctrine of the 
Georgian and Armenian being in one and the same philological division. But he 
denies that this division is the one wherein the Armenian was originally placed. He, 
consequently, takes exceptions to the transfer. He would retain the language that 
others remove ; remove the one that others propose to retain. The Georgian he would 
keep as it is — Caucasian. The Armenian he would not keep as it is ; i. e, in the same 
class with the Latin, Greek, German, and Sarmatian. The approximation of two 
tongues is admitted on both sides. ' The only question is. Which is to be shifted ? 
" The Georgian," say the later investigators, Bopp and others, " is more akin to those 
Asiatic tongues which show European affinities than it has hitherto been considered 
to be." 

** The Asiatic tongues," says the present writer, " which at one and the same time 
have European affinities and are akin to the Georgian, are more Caucasian in the 
limited sense of the term than the current classification makes them." 

Of the Asiatic tongues, with real or supposed European affinities, one (the Armenian) 
is spoken to the south of Caucasus rather than in Caucasus itself. The other, in 
respect to its locality, is absolutely Caucasian. It is the IrCn, or (as it is oftener called) 
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the Qssete. It has been mentioned by name, in arder that the present state of opinian: 
may be further illustrated. For upwards of forty years — ever shiee the publication of 
Klaprath'a "Asia Polyglotta" — it has been admitted to be what is called Indft- 
European ; t. e, to stand in the "same class with the Latin, Greek, G^man, and Sar- 
mataan. Now the syllogism that explains the views of Bopp and others runs thua : — 

The Irdn is Indo-European, as opposed to Caucasian in the limited sense of 
thetemb— 

The Georgian is what the Ir6n is — 

The Georgian is Indo-European as opposed to Caaicasian in the limited secae of 
the term. 

For this the author would substitate — '■ 

The Georgian is OaueasiaJi in the limited sense of the term, as oppiised to 
Indoi>EuFop6an — 

The Irdn is what the Georgian is — 

The Ir6n is Caucasian in the limited sense of the term, as opposed to^ Indo- 



Bttt this, after all, may be a mere matter of words ; inasmuch as tiie opposition 
between the words Caucasian and Indo-European may be unreal, or immaterial. The 
possibility of this being the case brings us to the investigation of our factt. Hiese 
lead to a whoUy different series of affinities ; affinities incompatible with the e:^stenee 
of the Armenian and Iron as Indo-Europecm tongues, and the supposed differeaxee 
between such groups as the Indo-European and Monosyllabic. 

If the Georgian be Indo-European^ the Chinese and Tibetan are Indo-European 
also*. But this- means that anything or everything may be Indo-European ; in oth^ 
words, that the term means so much as to mean nothing. 

Tht doaest t^g}/nUie» of the Ciaueasian tongues are with tltoaeof the momsyUabic ckta. But 

though this is a fact, it should be added that the known nundier of scholars who believe 

in it IB small— 

*• Numero vix totidem qnot 
Thebarmn portas vel divitis ostia Nili." 

Yet the affinities of tongues, like the Circassian and Mizhdzhedzhi, are. not exactly 
everybody's subject ; so that, small as is the number who hold by the doctrine before 
the reader, it may, nevertheless, contain a fair proportion of the competent judges. M 
any rate, Mr. Hodgson, of Nepal, is one of them. Apaperof his, in the " TransactionB 
of the Asiatic Society of Bengal^" and actable* of the present writer's,, supply the chief 
puUished data. 

The, affinities of the Caucasian languages are Monosyllabie. This is the first material 
fact we have met with. Lengthy as the foregoing, disquisition has been, for- a work 
like the present, it has dealt with names rather than phenomena. It has also given 
more to unlearn than to leani. 

But, though the philological affinities of Ihe Caucasian tongues are monosyUabie, the 
physical conformation of the Caucasian men and women is by no means either Chinesft 
or Tibetan, Siamese or Burmese. It is not that of the Monosyllabic populaidanB at all. 

The physical conformation of the mountaineers of Caucasus is. akin to that^ of the 

Persians, and the higher castes of India; it is also, as contrasted with that' of the 

populations who speak the Monosyllabic tongues, akin.to the conformation of the Greeks 

and Italians;;, i. e., it is like that of the Southern Europeans rather thaaa the Northeni^ 

* ** Varieties of Mair,V p. 128^ 
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Centta]^ and Eastern Asiatics. It is Gaueagian.m the wide and loose sense of the term. 
Not that the current opinions on these points can be taken without any zesenRa^r— the 
opiniQnfi that look for the chief models of fSemalfi beauty and manly strength. amongst 
the proyerbially fine populations of G6oi^ and Oircattia. 

' There is some exaggeration here. As oompared with their neighbours on the side 
of Eusiia — as oompaied.with their neighbours on the side of Turkey, tiie populationB 
under notice arei handsome and well-formed ; and, aa there is a yast traffic in female 
slaves foT' the harems of the Ottoman Turks, the best sampler of the two populations 
find tlieir way to Europe. From these the rest are judged. Again, the Circassian 
warrima rspiesent the Caucasians of the north-west ; and. it is upon them that our 
ideas of the Circassian conformation are based. But Circassia (and this must be home 
i2L.nDn^ i» a land of eastca-^t high-caste nobles and of low-caste plebeians. It is a 
land of caste and feudalism ; war being, at one and tibe same time, the occupation of 
the nobles, and the means by which the greofcest number of individoals are brought in 
contact with the nations of Europe. The eyidenoe of those who have formed their 
opinions £rom residence in Caucasus rather than from the slaye-maxkets of Constan- 
tinople is by no means over-favomrable. PaUas (as quoted by Frichaid in his " If a- 
tural History of Man," p. 254) writes that the men, " especially amongst the higher 
classes^ are mostly of a tall stature^ their form being of Herculean structure. They 
are very slender about the loins, have small feet, and xmcommon strength in their arms. 
They possess, in general, a truly Boman and martial appearanoe. The women are not 
uniformly Circassian beauties ; but are, for the most part, well-formed, haye a white 
skin, dark brown hair, and regular features." He adds — ^^ I haye met with a greater 
number, of beauties- among them than in any other unpolished nations." 

This is the language of ^oir and moderate encomium. Boineggs^ however, so fiur 
denieS' their elaim to auperior beauty as to write that he knows not ^^ whM oon hBV« 
given occasion to the generally received prejudice in favour of the female TcherkeanaDs. 
A shcBt^leg, a small foot, and gktring^ red hair, constitute a Toherioesnan beauty." 

Thamain<^^eM/usj however, .of their organiaatioa lie in the statements . of JQa* 
proih^-rvis., that they have **loDg faces^ and thin and strai^ noses." 

Again, he wzites that tiio Abajssians, a tiibe of the Cireassians, ase ^ distin^ 
guishedfhy 'narrow fiioes ; heads compressed at the aides ; by the shortness of the lower 
port of their faees ;. by prominent noses, and dark brown hair.'' 
^ Thia narrowness and. compression of fiwe,, and this prominence of feature, give us 
the main points in the anatomy of the Caucasian skull. The nasal bones, instead' of 
being, depnessed, ace elevated, and the xygamata aie straight and narrow Inafttiid of 
ourviug liiteraUy ootwarda. 

Theve is- no denying that these are important modificati.o8i& of structure ; at the 
same time, thoy are by no means so great as they appear to be when we measure 
them -fiiom their eSeeta on the futures. A Uttle differenoeof elevation, a i£ght 
change in curvature, convert a flat and broad into a compressed and prominent phy^ 
siognomy. 

At the same time, thefact of Hie evidence of language, and the evidence of physical 

form, indicating a different range of affinities in the case of the Caucasian or Dios- 

curian populations, must be admitted, and it must be admitted as an ethnological 

dificulty. The principle that helps us in the explanation of it is the following : — 

IhffKkoi omAphUttlogiMi ehangu may g^nnat difirent rutitv, 

A thousand years may pass over two nations undoabtedly of' Ilio-saxBe origin ; and 
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^hich were, at the beginning of those thousand years, of the same complexion, form, 
and language. 

At the end of those thousand years there shall be a difference. "With one the 
language shall have changed rapidly, the physical structure slowly. 

With the other the physical conformation shall have been modified by a quick suc- 
cession of external influences, whilst the language shall have stayed as it was. Hence — 

JFith an assumed or proved original identity on each side, the difference in tJte rate of 
action on the part of the different ihfliteneei is the key to all discrepancies between the ttco 
tests. The language may remain in statu quo, whilst the h-air, complexion^ and bones 
change ; or the hair, complexion, and osteology may remain in statu quo, whilst the language 
changes, . 

Apparently this leaves matters in an unsatisfactory condition; in a way which 
allows the ethnologist any amount of assumption he chooses. Apparently it does so ; 
but it does so in appearance only. In reality we have ways and means of determining 
which of the two changes is the likelier. • 

We Imow what modifies /orm. CJhange of latitude, climate, sea-level, conditions of 
subsistence, conditions of clothing, &c., do this ; all (or nearly aU) such changes being 
physical. 

"We know, too (though in a less degree), what modifies language. K'ew wants gra- 
tified by objects with new names, new ideas requiring new terms, increased intercourse 
between man and man, tribe and tribe, nation and nation, &c., contribute to this end. 

Still there is a good deal to be accounted for, — more than our present limits allow us 
to enlarge upon. 

The Cizcaasians. — The division of the Caucasian (in the limited sense of the 
term) populations, which it is convenient to begin with, is the Circassian, or, as the 
Russians call them, the Tsherhess. As far as the few researches, hitherto made upon 
the subject, go, it is the Circassian dialects that are the most evidently Monosyllabic 
in character. It is also the Circassian in which the greatest amount of relationship to 
the languages of Tibet, and the western parts of the Monosyllabic area, have been 
found ; as may be seen by the important paper of Mr. Hodgson's, already alluded to. 
The elementary sounds of the Circassian are harsh ; consonants are accumulated ; hiatus 
are frequent. The declension is poor. There is not even a sign for the possessive 
case. Thus, in the Absne dialect, ab z=. father, dcS = horse; ah dc^z=i father's horse; 
(verbally, father Iiorse). In expressions like these, position does the work of an 
inflection. 

Judging from Rosen's example, the use of prepositions is as limited as that of inflec- 
tions, sara s-ab dc^ isVap z= I my-father horse give, or giving am; abna amm'w izbit^z. 
wood bear see-did = I saw a bear in the wood; awinS wi as'-wkS = (in) house two doors; 
dcS sis'lit = (on) horse mount-I-did, 

Hence declension begins with the formation of the plural number. This consists 
in the addition of the syUable h'wa. . . . 

AcS = horse ; dcS-k*wa z=: horses, 
Atsla = tree; atsla-k'wa = trees. 
Awin^ = home; amnS-k*wa = houses. 

In the pronouns there is as little inflection as in the substantives and adjectives, t. e, 
there are no forms corresponding to mihi, nobis, &c. 
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1. When the pronoun signifies possession, it takes an inseparable form, is incor- 
porated with the substantive that agrees with it, and is s- for the first, iv- for the 
second, and *- for the third person singular. Then for the plural it is A- for the first 
person, «'- for the second, r- for the third : ab = fSather ; 

S'Ob 'ss. my father ; h-ah ^=: mr fatJier. 

W-ab = thy father ; ti'-ab = your father, 

I-ab = his \her) father ; r-ab = their father, 

2. When the pronoun is governed by a verb, it is inseparable also, and similarly 
incorporated. 

3. Hence the only inseparable form of the personal pronoun is, when it governs 
the verb. In this case the forms are : — 

Sa-ra 3= I. Ha-ra = we. 

Wa-ra = thou. S'a^ra = ye. 

ri' = he. U'bart* = they. 

The verbs arc not quite so simple. Thus the root for the verb ride is c'tcisL From 
this wo have Q'wisl.-ap, I ride; c'wisl-oiY, lam rioting; c'wi8*l-«M, I ivae riding; o'wia'l- 
«7, 1 have ridden; c'wisl-cAe'w, I had ridden; c'vnsl-aat, Ishdllnde, The persons arc — 

Singidar, 

1st person, eara «-c'wis1-ot< = / am riding. 
2nd „ wara «-c'wis*l-o»V = Thou art riding, 
3rd „ ui i-c'wis'l-otV = He is riding, 

FluraL 
1st person, hara ha-c'cwial-oit = We are riding. 
2nd „ s'ara «*-c'wisl-MY = Te are riding. 
3rd „ uiart r-c'-sml-oit = They are riding. 

It is in Circassia where the feudal structure of society is the most strongly 
marked, and where the relation between the vorhhf or noble^ and the pshi, or retainer, 
is the closest. The Circassians, too, are most in the habit of selling their daughters to 
the harem-masters of Constantinople and Egypt ; a habit by no means laudable, but 
still very different from ordinary slave-dealing. If a Circassian maiden stays at home, 
she is sold in marriage to one of her own countrymen, of whom she, probably (but by 
no means necessarily], knows something beforehand. If shipped to Constantinople, she 
is sold to a foreigner, necessarily imknown. On the other hand, the stranger Turk is 
almost certain to be a wealthier man than the Circassian fellow-coimtryman. 

The divisions of the Circassians are pretty distinctly marked by their dialects ; e.g, 
there is the foi-m of speech spoken on the northern slope of the mountains, and along the 
river Kuban. This is that of the proper Circassians, Tsherkess, or, as they call them- 
selves, Adighe. Then there ai'e the allied tribes of the southern slope, and the sea side. 
These are the Abassians. Thirdly come the eastern Circassians, whose occupancies are 
on the water-system of tlie Tereh rather than the Kuban, and who inhabit the Great 
and Little Kabardah. But beyond these there are several more obscure and isolated 
populations, resident in the more impracticable parts of their forest-cinctured mountain- 
range. Nevertheless, the three chief divisions are those of— «, the Abassians ; b, the 
Eabardinians ; <r, the Adighes. 

But it is only the upper part of the Terek that belongs to the Circassian area. The 



Digitized by 



Google — 



354 THE IRON AND THE GE0B6IAN POPULATIONS. 

bead-waters of its middle feeders— almost all of which come from ihe sdUthsm iide--lie 
in tiie country of 

The IHBhdBhedslii, or Tshetahentsh, ^ose dialects separate them 'fron Ae 
tribes around them, but of whom little is known besides. 

Equally central with the Mizhdzhedzhi, equally zemoved iravL contact with either 
the Caspian or the Blach Sea, equally on the head-waters of the Caucasian rivers, are — 

The Izon.— So central are these, that they occupy the watershed between the 
Terek and Kuban on the north, and the Kur on the south, overlooking the wide valleys 
of Georgia, as well as touching the mountain defiles of the Tshetshentsh. Thsir lan- 
guage falls in two (probably more) well-marked dialects. Their cieed is an imporfect 
Christianity of recent origin^; their allegiance (like that of the Georgians rather than 
the Mizhdzhedzhi, and the Circassians) Russian. 

The Russians call them Ossete^ and by this name they are best known. /ro», however, 
is the native one. Much has been written about them and their language, which is cer- 
tainly more like the languages of the so-called Indo-European class than the others of 
the Caucasus. Indeed it is the IrBn form of speech, upon which so much of what has 
formed the preKminaries to the class under notice turns. 

The OeoKgiaAS.— The Kuban was the chief river of the Circassians ; the Oiix^as- 
sians the chief population of the Kuban. The Georgians are the same in respect to 
the Kur. The valley of the Kur is the favoured part of Georgia — the province of Kar- 
tulinia, of which Tiflis is the capital. But there is a good deal of Georgia which is no 
fruitful valley, but (on the contrary) a rude and rugged mountain range. These are 
the countries of {a) the Mingrelians, {b) the Imeritians, {c) the Swani. Finally, the 
descendants of the ancient Colchians, who extend along the southern shores of the Black 
Sea as far as Trebizond, who are subject to the Ottoman empire rather than to Russia, 
who are Mahometans rather than ChristiaBS, and who use the Arabic alphabet rather 
than the Kartulinian, are Georgian, as is shown by their language. 

At one time the Grcorgian language probably extended far over the northern portion 
of Asia Minor. It has, however, been encroached upon by the Turkish. 

The Georgians are the most civilized of the Caucasians ; the Mizhdzhedzhi possibly 
the rudest. The Georgians, who received their Christianity from Armenia, have 
retained it. Their alphabet, too, is of Armenian origin, though (from the :fect of its 
letters being changed from a square and angular to rounded and oval contour),' consi- 
derably modified and disguised. 

The religious and civilizational history of the other tribes is, roughly and generally 
speaking, as follows : — 

a. There was first the original paganism, which, at present, in its original and un- 
modified form is, perhaps, extinct. At the same time, there can be but little doubt that, 
when the coimtry becomes better known, we shall find it showing itself transparently 
through the creeds that have displaced it. 

b. Then there was an imperfect Christianity diffused from Syria and Armenia. 
Except in Georgia this has given way to 

c. An irregular Mahometanism, which 

d. In the Iron coimtry is being attacked by the Russian missionaries. Speaking 
generally, however, we may predicate of the Caucasus that the Russian parts are Chris- 
tian ; the independent, Mahometan. 

The Lesgians belong to the latter class, and are the most important members of it ; 
more so than even the Circassians. They are the most eastern of the Caucasians, 
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frOBi the -shores of UieOftBpiaii to the Tshetshexitsfa. and irdn frontiers. 
Tfaeirioea^eeinB to fa«re been encroached -upon on the south and east ; inaflmuch as a 
wild population of the pioYxaoe of GhHan, on tlie south side of the Caspian, cdled 
Xdish, is considered to be Lesgian in blood, l3iough, at present, Persian in language. 

Bagkestan is the country of the Lesgians ; and the Avar, tlie Anzukh, the Ifshari, 
the Andi, &c., are the chief Lesgian dialects. The prophet warrior, Shamyl, is 'no 
Giieassian, as is ouiroitly supposed, but a Lesgian. 

The Armmianty lying south of Caucasus, rather than in Caucasus itself, were the 
first of the group to be civilized, to use an alphabet, and to be converted to the Christian 
religion. Their eontignity to Syria did this. Unlike the other members of their tdass, 
the Armeniaixs are spread widely over the world — ^in Turkey, in India, in Kussia— as 
merflifaants and bankers. 

* The Armeman is in geographical contact with Kurdistan, or the country of the 
Kurds, a population wfiich belcmgs to 

GROUP IV. — ^The Persian Stock. — Phyiiognomy : Caucasian rather tban KongdL — 
Langttage: in its present state with but few inflections. — Area: Kui-distan, Persia, 
Afghanistan, Biluchistan, parts of Bokbara, the Kohistan of Cabul, Kafiristan,— 
Divisions : Kurds, Persians, Biluchi, Afghans (Pushtu), Faropamisans (populations 
of Kafiristan and the Kohistan of Cabul). 

The greater prominence of feature, and the comparative narrowness of the zygo- 
matio space, which contrasted the Caucasian with the Turanian and Monosyllabic 
groups, are found throughout Persia. Meanwhile, the colour of the skin darkens, but 
not to such an detent as to create difficulties. Almost aU the Caucasian area is wood 
and mountain ; the greater part of the Persian, a table-land — ^with an extreme tem- 
peiature. 

The language creates the chief difficulties in the classification. There are but few 
inflections in the Caucasian tongues. There are also but few in the Persian. 'So far 
tiie two classes agree. But what if this want of inflection arise from a different -cause 
in eaeh> In such a case the similarity is unreal. Nay, it becomes converted into a 
dilBerence. Now such may be the case. The Persians may have had inflectionB and 
lost ihem : the Caucasians may be without them, because they have never been 
developed. 

So far from this being a mere hypothetical complication, it is one which the majo- 
rity of scholars believe to be a real fact. It will, however, be better investigated 
when we have gone over the whole of the groups. It is noticed at present, in order 
that it may be compared with the questions indicated in the consideration of the last 
group. There is doubt amongst plulologues. There is doubt as to the way in which 
the Caucasian and Persian groups are allied. That they are allied is admitted. But 
the question is, whether the Caucasians are Persian, or the Persians Caucasian. It has 
already been stated that this is no mere verbal question, and the further we proceed, 
the more we shall see of its reality and importance. 

Like the Turk and Arab, the Persian is one of the three great Mahometan families 
of the world— the original creed^ for a great part at least of its area, having been that of 
tlie Zoroastrian fire- worshippers,— a creed stiH existent amongst the Parsees. Kor has 
Christianity always been foreign to the stock. It is reasonably believed that the 
missionaries, who preached the gospel of the so-called St. Thomas's Christians in India, 
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were Persiaa ; Syria having been the remoter source. Indeed the geographieal can- 
tiguity of Persia to Syria, Assyria, Babylonia, and Arabia, is the main point in the 
analysis of the elements of Persian civilization. No stock we have hitherto met witli 
has, at one and the same time, been so closely in contact with the populations of the 
Euphrates, the Nile, and the Mediterranean on the one side, and those of India on 
the other. 

So exposed has Persia been to foreign influences, that it is only in one remote 
district that the population is other than Parsee or Mahometan, modified and mixed. 
This is KafirUtan^ or the Land of the Kafin {inJkleU) ; an impracticable mountain- 
coim.try on the watershed between the Oxus and the north-western system of the 
Indus. No European, and but one or two Mahometans, have visited the country. The 
following accoimt, from Elphinstone's ^' Caubul," is the only one there is of iJiis im- 
portant population — ^important because, comparatively, unmodified in the midst of a 
stock eminent for the heterogeneous nature of the numerous influences that have 
acted on it. 

Mullah Nujeb, the traveller, whose account Mr. Elpinstone has given us, found the 
valleys of the Kafiristan mountains well-peopled, each being occupied by a separate 
tribe, family, or settlement. The proper term is doubtful, since, although the Kafirs 
are said to be divided into tribes, it is added that these are geographical rather than 
genealogical. If so, they ore scarcely to be called tribes at aU. Each valley, however, 
has its own proper population, and it is the occupancy of these respective valleys that 
gives rise to the different names of the different divisions. Mullah NujeVs list sup- 
plies the following names ; and herein we may notice the frequency of the termination 
j'e, its siniilarity to the Pustu sye, and the consequent compound character of the words 
wherein it occurs — Caum-o-ye, Kest-o-yt, Mtindegul, Cam-to-^», Purune, Tewni, 
Ptinuz, Ushkong, Umshi, Simnd, Kulume Etise Turkuma, Nisha, Chumga, Waui, 
KhMLum, Bimish, Ir^t, &c. Everything here is particular and specific ; neither is 
there any general name for the Kafir population at all. 

The name just applied is Mahometan. A Kafir is an infidel, and Kafiristan is the 
infidel's country ; so that the term is simply that of a religious sect designated firom 
its negative characteristics. And it is inconvenient, since the populations of the 
neighbourhood are akin to that of the Kafirs, but are not other than Mahometan. 
Another name — or rather a pair of names, as little native, however, as the one just 
noticed — is suggested by their dress. One division of them is called the Tor Kafir, 
or :Blaek; the other the Spin Kafir, or TFhite InfidoL Siaposh, too, which means 
BlacJc'Vested, is a synonym to Tor Kafir. It must be repeated that it is their dress and 
not their complexion that has suggested these names. Some wear a vest of black goat- 
skin, others a dress of white cotton : all, however, are light-eomplexioned. Their roads, 
which are only fit for men on foot, are continually crossed by ravines and torrents, 
over which swinging bridges are thrown. Their villages rise along the slopes of the 
hills in terraces ; so that the roof of one house forms the street to the one above it — 
such, at least, is the Mullah's description; and these villages are numerous. The 
Caumoji had ten such ; and Caumdaish, the largest of them, contained five hundred 
houses. 

• At Caumdaish, Mullah Nujeb obtained some insight into their religion. There was 
the belief in a single god, whose name was Imra, a name re-appearing in the Hindu 
Pantheon. But there were idols besides, — ^idols which represented departed heroes, — 
heroes who, if properly propitiated, would intercede with Imra on behalf of their 
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worshippers. Sometimes male, sometimes female — sometimes on horseback, some- 
times on foot— of wood or stone, as the case might be — these objects of adoration were 
common about Gaumdaish. In the public apartment, too, of that village was a high 
wooden pillar, on which sat a figure with a spear in one hand and a staff in the 
other. It represented the father of one of the magnates of the village, who had earned 
the privilege of setting iLup by a series of feasts given to the whole community. Hos- 
pitality, in general, is one of the cardinal Kafir virtues, by the due exercise of which 
an admission to Burri le Bula, the Kafir Elysium, is most effectually insured. The 
opposite to Burri le Bula is Burri Buggur Bula (Hades, Tartarus). . 

These individual apotheoses prepare us for an almost infinite variety in the Kafir 
Pantheon. When honours are local, the hero-worship will vary with the valley or 
village ; and such is really the case. In Caimidaish the chief deities arc as follow : — 

1. Bugish, the god of the waters. 2. Mauni, who expelled Ytish, the Evil Prin- 
ciple, from the world. Compare the Indian term Menu. 3. Murrur. 4. Frrum. 
5. Pursfi. 6. Gesh. 7-13. Seven brothers, named Paradik (compare Paradise), who 
had golden bodies, and were created from a golden tree. 14-20. Puron ; seven golden 
brothers of the same kind. 21. Kumye, the wife of Adam. This is, perhaps, the 
MuUah's "sdow rather than that of the Gaumdaish people themselves. 22. Dissauni, 
the wife of Gesh. 23. D<ihl. 24. Surijti. 26. Nishti. 

One of the sacrifices at Gaumdaish was witnessed by Mullah !N"ujcb. It was to 
Imra, and was celebrated at a particular place near the village where there was a stone 
post. Before this a fire was kindled, and, through the fire, flour, butter, and water were 
thrown on to the stone. Then an animal was sacrificed, and its blood, like the flour 
and butter, thrown through the fire. The flesh was partly eaten — ^partly burnt. One 
of the prayers was for the extermination of the Mussulmans. The worship of idols is 
performed nearly in the same way. Sometimes, however, instead of the open air, they 
ai'e performed in houses called Imra Umma. Fire, thoiigh essential to all of these sacri- 
fices, is not itself an object of veneration ; neither is any eternal fire kept up. Its 
chief fuel is the branch of some particular, though unknown, tree. The priests, though 
hereditary, have no great influence ; neither have another class of religionists, who have 
the credit of procuring the inspiration of some superior being by holding their heads 
over the smoke of a sacrifice. Fish is the only aliment from which they abstain ; 
beef, and aU the other kinds of animal food, being eaten indifferently. There seems to 
be certain fixed days for festivals, on one of which they throw ashes at each other. 
There is always sacrifice on these occasions, and always feasting. At one of them the 
boys light torches of a sort of pine, and carry them before one of the idols, where they 
thi*ow them down, and allow them to bum. At another, the women hide themselves 
without the village, and let the men search for them. When foimd, the women defend 
themselves with switches, but are finally carried off. 

When a child is bom, it is carried with the mother to a house, built for the purpose, 
beyond the precincts of the village, where, for twenty-four days, they remain — the 
woman, for so long, being considered impure. When this is over, both mother and 
child are bathed, and they return to the village, accompanied by dancers and musicians. 
At naming, the child is held to the breast, whilst the names of its ancestors are repeated; 
and the one which is being pronounced, when the childbegins to suck, is the one that 
the child takes. 

Between twenty and thirty the men marry, and between^fifteen and seventeen, the 
women. The bridegroom sends some clothes and ornaments to the bride — also some of 
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the mateziaXi for t2ie maziiage feast. ThA feast is continued througli. tlie night, and the 
next day the bride, dressed in the finery that the bridegro(mi had sent her, is taken 
away by him. The father adds some article of dress to the equipage of the bn4e, and 
giyes the husband a cow, or perhaps a slaye. The girl ia then led out, with a basket on 
her back, containing fruits and walnuts, prepared with honey, and (when it can be 
afforded) a silyer cup. The whole Tillage attends her, dancing and singing. The priee 
for the bride is paid to the fitther a few days afterwards. Sometimes it amounts to as 
many as twenty cows. The priest has no share in all this. Polygamy is allowed — 
adultery but moderately punished; and the women moye about free and unyeiled. 
They do all the domestie, and some of the agricultural, work. 

When a Kafir dies, he is dressed in his best clothes, and extended <m. abed, with his 
arms beside him. The body and bed are then carried about by his kinsmen, whilst the 
attendants at the funeral dance, smg, and perform a sham fight around it. The women, 
meanwhile, lament. From time to time, too, the body is set down, and then the 
weeping that takes place is oyer. At length it is shut up in a coffin, and deposited 
dbov$ ground. A feast follows all funerals, and once a-year there is a &stlyal in honour 
of the deceased, when some food is laid out for his manes. 

A yisitor of condolence, when he enters the house of his' afflicted acquafntan.ce, 
throws his cap on the ground, draws his dagger, seizes the mourner by the hand, pulls 
him up, and forces him to join in a dance round the room. The rich wear their best 
clothes, and some put on black fillets, ornamented with shells — one for each Mussulman 
kOled by the wearer. The few leagues which are struck with the Mussulmans axe 
attended with the ceremony of killing a goat, dressing its heart, biting oS one half, 
and giying the other to the Mussulman. 

They dance vehemently to a quidc and wild music of the tabor, the pipe, or the 
the yoice ) and this is ihe chief amusemyent. They sometimes form a circle of men and 
women alternately, who moye round the musicians for some time with joined hands, 
and then they all spring forward, and dance together. 

Their wooden houses generally contain a cellar for the cheese, clarifiied butter, wine 
and yinegar, with a low-backed bench fixed to the' wall. More remarkable, howeyer, 
are their seats. These are stools, shaped something like drums, but drawn in, in the 
middle ; and the tables are like them, only larger. The stools are of wicker,, but the 
beds axe wood. A Kafir, when sitting on the ground^ stretches his l^;s like a il^ixopean. 
This, combined with the vse of chairs or stools, is one of the points which strikes their 
neighbours as eminently characteristic. So does their use of wine. Of this they haye 
three kinds, of which both men and women dzink freely. 

Saying the aayage character of thoir war&ze^ the Kafirs are described aa a aociftble, 
kind-hearted people — ^pie-enmii^t for hoq^staliiy . The people of a yilloge eome out to 
meet a stranger, ease him of his baggage, carry it for him^, o&d recelye him with warm 
welcomes. Eyezy man of note expects to be yisited by Jubi, and is j^oepared, aceord- 
ingly, to press upon him food and drink. 

The constitution of at Kafir community 'is uncertain. Sueh regular Biagistrates as 
exist haye but little power. On public mAttera the weaMuer eounilt together. The 
lex tdlioma is the more prominent port in their law. Titles of their own they haye 
none — that of Khan, applied to the rich, men, being of a Pushtu ozigin. Cattle and 
slayes are the chief elements of their wealth. 

Two of those black goat-skins, from which the Si^^osh take their name, make the 
yest, and two more the petticoat of the Kafir — tiie hair being on the outside. Bare- 
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armed and sbaiFen-beaded^ the Kafir liaa l^ut a loog tuft on th« crown of hk faeod^ and 
two curls over the ears. Ther^ is some diifference, howeyer, m reqieet to head-gear, 
if he haye killed a Mussulman. The hair is plucked from all parts of the face but the 
chin. This is well-bearded. 

The women dress much like the men ; the ehief differences appertaining to the heftd- 
gear and a red fillet roimd the head, which is the Kafir equivalent to the Scotch snood. 
Both sexes wear ear-rings, neck-rings^ and wrist-rings of siLver, pewter, or brass. These 
are left off during mourning. The men first wear them on arriying at manhood, and 
their first assumption is a matter of festiyity and ceremony. 

All this chiefly applies to the common people. The wealthier wear a shirt beneath the 
yest in winter, and in summer a shirt in place of the yest. With the women, the shirt is 
always the chief garment. Instead, too, of a goat-skin, the rich wear cotton, or black 
hair-cloth ; and sometimes a sort of white blanket of Kashkaxi manufacture, wJiich is 
put on like a Highland plaid. Cotton trowsers form another item in the more elaborate 
styles, worked with flowers in red and black worsted,, sdit at the bottom, and fringed. 
Worsted stockings, or perhaps woollen fillets, are aonsfitimes. worn : as are half-boots of 
white g&otskin by the warriors. 

It has been stated that the killing of a Muaaulman confers distinction. Until a 
young Kafir has done this, he misses many priyHeges. When, howeyer, he has done 
30, he wears, at the solemn dances at the festiyal of the Ifummmanif a sort of turban, 
with a feather stuck into it for eyery Mussulman that has died by his hand. The 
number of beUs round his waist is similarly regulated; and so is the right of flourish- 
ing his axe above his head in the danee. A red wooUen cap^ or cockade, is another 
mark. This is worn habitually. Those who have killed many, ereet a high pole belbre 
their doors, in which are holes. In these are put a pin for every Mussulman kilkd, 
and a ring for every one wounded. 

; All this insuresthe imfi>rtunaite prisoner of the Kafir dealh rather than slavery. Hence 
the Kafir slaves — and they are numerous — are of Kafir blood. Their booty is derived 
from their numerous zntertribual wars, and from a eonsiderable amount of private rob*- 
bery as well. The strong steal from the weak, even within the same. c<»nmimity; 
sometimes to keep the slave for his own use, soonetimes to sell him. An individual who 
loses his relations soon loses his freedom also. On the other hand, domestic slavaiy 
is nQ.infiBdinate burden ; and, without being on t^ frdl level of the £unsly ci the (»mer, 
the slave wha is retained in the tribe to which he bekmgi iaiadit iU-used. 

A bow, about four feet and ahalf hmg^ with a leathern stsing ; tarawu mttdeof xoed, 
barbedj^andsQBfwMimfW pojeengdi; a dagger of a. peculiar Aapey aad worn on idie rifjkt 
»de ;, aknife,. a flint, and a sort «£b«dE used aa tinder, coiistitut»tiieh«ne8B of a Kafir. 
Firenuokifl and swords are but just begLoning t»lie uaedL Surpruals and amfamffaAw. axv 
eoauaoBer than open warfare : and of this moie takes pEaeetby^ing^ thasi by- dasf. 

The Kafir of Kafiristaa ifttha'suiuiitaiiieer of the stocky m laamoaieztieBa iacm. 
His eootsast is to be found m the Bersian oi SHfili towns at Slasaa,. Teheran, or 
Ispahan; also amongst the Tajiks of Bokhara, who are of PcxaiaB Uood and hmgua^s, 
thou^ the doDUBant popMlatisB is Turic. I]itennadiat» ta thase extremes m» the 
A%hans (or I'o^aaWfWhfise language la ealkd the iWAAf); the Kurds; andtheBaneki 
of Bilwfthfrrtan, with whom the mountamear ehafraetev changes to that of the ocea^^aiits 
of a saadh^ desert. In Mekran, and aioag Urn share of the Indian ocean, this desert 
charaeter of the country inereaaes, until the pb^aisal conditioBa. become those of Azabia 
or noriheni: Africa. 
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Kaftristan lies ou the water-system of the Indus ; the Biluchi population extends 
into Sind ; Afghanistan lies along the Indian frontier. This suggests that the next 
group will be — 

GROUP V. — The Indian Stock. — Organization deferable to Two Types : In one the 
skin is dark, the face broad, the features coarse; in the other, the features 
are regular, the head dolikho-kephalic, the skin brunette rather than black. 
— Language : Modified by foreign admixture ; most so in the northern parts of 
India. — Area : India, Ceylon, the Maldive islands, parts of the Monosyllabic fron- 
tier, the mountains of the southern part of Beluclfistan, t. e. the country of the 
BrahCii. 

Every one admits that there are few countries where the effects of some second 
element of admixture are more visible than they are in India. Few, however, agree 
as to the exact nature and proportions of this element. It is also admitted that it shows 
itself nowhere more conspicuously than in the language. In the south, and in the 
more impracticable mountain ranges, there is no doubt as to its character. In the 
south, and in the more impracticable mountain ranges, so far as even the Eajmahali 
hiUs on the Ganges, the forms of speech all belong to a class called Tamuly or Tamu- 
lian, though spoken with notable differences of dialect, and even language. At the 
same time there is a vast number of words, even in the purest of them, from another 
tongue, called the Sanskrit. Nevertheless, the Sanskrit admixture is not sufficient to 
obscure the original Tamulian character of the tongue ; i . e. it never does so in the 
southern half of the peninsula at aU, and it fails to do so in many of the more imprac- 
ticable localities towards the north. Even in Persia, amongst the BrahCii of Beluchistan, 
this Tamul class of language is to be found. 

But in the north this is not the case. In northern localities, and on level surfaces, 
like those afforded by the valley of the Ganges, the Sanskrit words arc so numerous, 
and the Tamulian so comparatively few, that the class to which the language belongs 
becomes doubtful, — the only points which are universally admitted being the funda- 
mental difference between the Sanskrit and Tamul, when we succeed in separating 
them, and the Indian origin of the Tamul. Whether the Sanskrit be equally Indian, 
and what it be if other than Indian, are points of doubt. 

Under all and any point of view, however, India is the country of two ethnological 
influences, the analysis of them being a point of minute and recondite criticism — of two 
ethnological influences; perhaps of more than two. It is the country of castes, of the 
Brahminic and Bhuddhist religions; of a teeming, ingenious, and industrious, but 
rarely independent, population. It is the country of an ancient literature, and an 
ancient architecture. It is a country which, whatever may have been the origin of its 
own civilization, helped to civilize the majority of the countries of the monosyllabic 
languages — ^Ava, Tibet, Siam, and (more than is generally believed) China. 

To the Brahminic and Buddhist religions, India stands in the same relation as 
Arabia does to Mahometanism. 

Just as ^the Kafiristan mountains preserve fragments of the Persian stock in its 
unmodifled form, so do the numerous hill-ranges of India preserve samples of the 
indigenous Pagan populations, as opposed to those of the Brahminic, Buddhist, and 
Mahometan creeds. Of these hill-tribes some are almost wholly free from the effects 
of foreign infiuenpe, some considerably modified, some as referable to one dass as 
another. The most usual names by which they are designated, are : — Bhils and Khonds ; 
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the Bhils on the western, the Ehonds on the eastern, side of the peninsula. These, 
along with some denominations of less importance, constitute what is called the Mill- 
iribet of India. 

With the Brahminic and Buddhist populations the language gives us the best lino 
of demarcation. In the south the Tamulian character of it is sufficientiy clear to be 
undoubted ; whereas in the north the Sanskrit element makes it equivocal. 

a. To the former class belong the Tamul (proper), the Telinga, the Kanara, the 
Tulava, the Malayalam, and the Goorgi forms of speech. 

h To the latter, the Punjabi, the Multani, the Sind, the 9^J6rati, the Bajputana 
dialects, the Hindi, the Bengali, and Udiya, with others. 

GROUP VI. — ^The Oceanic Group. — Area: the Peninsula of Malacca, Sumatra, 
Java, and the chain ending in Timor and Eotti ; Borneo, and the chain leading to 
the Philippines ; the Philippines ; the Bashi and Babyani Isles ; Formosa, Celebes, 
and the Moluccas ; the islands between Timor and New Guinea ; Madagascar, 

Divisions : Amphinesian and Kelsenonesian. 

The Pelew Isles, and Lord North's Isle ; Micronesia (t. e, the Caroline and 
Marianne Islands). 

Polynesia («. e. the Navigator's, Society, Friendly, Marquesan, and Sandwich 
Island groups) ; Easter Island, and New Zealand, 

The Fiji Islands. 

New Guinea, and the islands to the east thereof {i. e. Louisiade Archipelago, &c.) ; 
Tanna, New Caledonia. 
. Tasmania (Van Diemen's Land). 

Australia. 

Language: Agglutinate rather than Monosyllabic. When Amphinesian, with 
patent and recognised affinities to the Malay; when Kelsenonesian, with Malay 
affinities fewer, more obscure, and only partially recognised. 

Phystognomy : When Amphinesian, more brown (or yellow) than black, also more 
Mongol than Negro. When Kelajnonesian, more black than brown (or yellow), and 
as much Negro as Mongol, 

N.B. — The words nesos = island; amphi = around; keUmos = black (dark),; 
mihroa = little ; polys = many ; protos z=i first. They are all Greek. The explanation 
of their meaning is necessary for the comprehension of the terms used in our clas- 
sification. 

With the Indian group the notice of all the populations of continental Asia ended, 
with three exceptions. The first was Arabia^ which is, in respect to its ethnology, 
African rather than Asiatic. The second was the Namollo population on Behrin^s 
Straits, which is Eskimo, and American. The third was the southern extremity of the 
so-called I^am-gangetic or Indo-European area, the peninsula of Malacca. Geographi- 
cally, this is a continuation of Siam ; ethnologieallyf it is something very different. 

Ethnologically, the peninsula of Malacca is Malay rather than Siamese ; it is also 
Oceanic rather than Monosyllabic. It is Oceanic, but, with the exception of a small patch 
of country on the coast of Cambojia, it is the only portion of the vast Oceanic occu- 
pancy which belongs to the continent of Ada, and not to the islands of the Indian Archi- 
pelago and the lacific Ocean^ This explains the meaning of the term. Nine hundred 
and ninety-nine parts of the population before na are islanders. Their diffusion is one 
of the mo«t extraordinary phenomena in ethnology. Madagascar is Oceanic rather 
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tiian A&kaa, j&ou^ so fu frfxoa. M alaoDa, ejod. so near tbe MoKambiqize •coaiit ; and 

Easter Mand, isolated «b it is, is Oceoaic ako. Hie 
Sandwich Islands arc Oceanic, and New Zealand 
IB Oceanic also. 

Vhe Fzotoaesiaa Bvanch cfftte Am- 
ylilaMduui.— Bj JbupMoesian I mean i&ai diyi- 
sion of ibe Ooeanie population wldcli, from being 
found inNew Zealand, in the Society Mes, and in 
the Hofhiocas, may he said to surround the Kels- 
nonesiana, who toe limited to Tasmania, Austra- 
lia, New Guinea, and the islands between New 
Guinea and New Caledonia (amphi = taround; 
nesos = islanefj. 

By Protonesian I mean that part of Amphinesia 
which lies nearest the continent, and from which the 
Oceanic diffusion ^^ took its rise {pvotoa ^i first). 
It includes, along with the Malacoan peninsola, 
the islands of the Javanese, Celebes, Floris, Bands, 
Molucca, and Philippine archipelagos, viz., Su- 
matra, Java, Borneo, &c., &c. It begins witii the 
parts about Sumatra .smd the Malaccas peninsula, 
and ends with the Philippines. I imagine that 
from the western part of Protonesia a few indivi- 
duals foimd their way to Madagascar, and gave 
origin to the Malegasi division ; that from the 
"^^^* north-eastern parts ,(». e. the parts about the Phi- 

lippines) Micronesia was peopled, rtaflie Pdew Isles, Lord North's Isle, &c. ; Ihat fiom 

the soutiiem parts (t. e. the Islesof Timor and Eotti) 

Australia took its population; and, finally, that 

from the parts, at one and the same time, eastern 

and central (such as the Arm Isles), New Guinea 

was peopled. 

Such I hold to be the offeets from Protonesia. 

But this not all. The population of Protonesia 

is varied. In the towns on the sea-coast, and in 

tibe-.oommerGial localities, thejreligien is Mahome- 

taor— the greaiter part of thepopBliir&nibekig kaown. 

bf the name Maltny, With these the industry is 

flnwmftmial and maritime. Batbefeoe the spread 

of the Mahometans there wero Indian inftneBeee 

at work. Pdigmeats only of Uiese can now be 

tond; exc^ in thedngle Ide of Bati, whidi is 

Hiiulu in creed aid literafaire at the present 

Qiament. Earlier tham these Hindu influenoes is 

tjif eaa^ginai Paganism. This aiso is iraad in frag- 

mests -only, or (if not in fragmest^ in amwdified 

fuB^diie i» iniuAices frooi India aoad JasAm, 

Bonao is its ^ciiief seat 
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Now these mder amd more umnodiiled populations of Pfotonesia fall into two 
divisions in respect to I3ieir physical appearance. There is a diyision of diem no 
dailcer than the ordinary- Malays, and there is a division which is so £ar Hack as to 
take the same place amongst the Oceanic tribes as t3ie Mincopie did amongst the 
Monosyllabic. 

From t3ds black yaiiety I imagine that the Kelsenonesian Ifdands were peopled ; 
f . e. New Guinea from the ATrus'(there, ist thereaboats) ; Australia from Timor. 

More than liiis, the Protone- 
sian Kaeks are peculiar in their "~JL--^ 

distribution. They are not limited 
to one or more islands; whilst 
it is rarely that they form the 
exduaive populations of those 
wbereon they are found. On -fte 
contrary, they are found in most 
of the islands, and diiefly 
among the lighter variety. But 
they are always found in the 
interior or more impraetieable 
parts, and always as an inferior 
population. From this we infer 
that they are the" older occupants. ' 
Also, that the migration to Ke- 
Isnonesia took place anterior to 
tihie spread of the lighter tribes ; 
t. e. when Erotoneeaa wais wholly 
whst it now is partially — Kel»- 
nonesian. roLYirasiAKs. 

On "flie other hand, 

Mieronesia was peopled from the north-eastern parts of Protoneraa, ft&tat ihe 
fi^er population had diffused itself, i. e. later. Colour and language indicate l^asE 
fnueh. And 

FolyiieBia was peopled^from Micnmeeia ; the stEMm of popaiUtion thus Joeing 
ttiken rtnmd Kelsenonesia. 

Polynesia and Micronesia represent Eastern (oar North-essteini) Pjiotonena, as 
extended in the direction of America. Western Protonesia, as ^steaded m. tiie dicoetion 
of Africa, is r^rcsented by 

Tbe Ibdegasi of BKadagMiewr. — TbaA, the knguage, at least, 4if Madagascar 
is Malay ral&er than African, is one of liie most remaricable faxAA in Ethnology. Yet 
&e presenee of an alBed popt^ation in Saster IskuoA is ««|ua% so. This j^kveos 
inrportanee to the physical Mstoary of 1^ ocean — to the stody of its <OQZEe9Dcts and 
winds, whidh is ba-ought to completion by marilame en^ierprise «n the pazt of 
the populations that oeeupy it. Henee facts like tiie foUowiBg ^iwmt afiCTimttlat- 
ing:— 

a. Captain Beechy mforms us that he picked tip, set ^eon, a^tei^tetUdiiven-canoe, 
l»elongpb3g to Chain Idaad, t^ee hundred mileB east of Ti^ti, «nd -fiubjsct^ it. :6he 
had been on a voyage to the latter, and by two successive gales from the westwasd was 
driven six hundred nules out of her course, to Sarrow ledand, in about the twentieth 
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degree of south latitude. When rescued, she had on board twenty-eight men, fifteen 
women, and ten children ; in fact, the nucleus of a little colony. 

b. Again : Captain Wilson found, when wrecked on the Pelew Islands, in 8° of 
north latitude, and 135° of east longitude, thsee Malay mariners ; and, having among 
his own crew a Malay interpreter, he was able to communicate with the natiyes through 
these Malays, who had acquired the Pelew language. The account which they gave 
of themselves was, that in a voyage from Batavia to Temate, one of the Moluccas, 
touching at Mcnado in Celebes, thoy were driven by a storm on the Pelew Islands.* 

e. Again : a Japanese junk is known to have 
di-iftcd to the coast of CaUfomia. 

Such, and such like, are the chief facts re- 
quired for the comprehension of the remarkable 
distribution bf the more distant oceanic tribes. 

The Papuans of JN^ew Guinea, New Ire- 
land, New Hebrides, &c., are Kelaenonesians, 
with frizzled hair — strongly frizzled ; far more 
frizzled than is the case with 

The JLustzalians, the second division of 
the Kelsenonesians. 

The third division of ihc Kelaenonesians is 
that of 

The Taamanlana of Van Diemen*s Land, 
nearly extinct, and, as such, claiming further 
notice. 

It is in Tasmania that domestic architecture 
appears in its very humblest form ; yet this is 
only what we expect from the low civilization of 
the natives, and the character of the climate. In 
the mountainous parts of the country the chief 
retreats were the caves and hollows of the districts, of which there is an abundance ; so 
that it is only in the more exposed plateaux that even so much as a break-wind is 
needed. This consists of the branches of trees firmly wedged together, and supported 
by means of stakes. Crescentic in form, its convex side is opposed to the wind. A 
fire is kept burning in the uninclosed space, to the leeward. Half a wall, and no roof 
—such is the shelter of the Tasmanian. 

Grass baskets, waddies (or spears), a large shell for carrying water, some smaller 
ones for the purposes of personal decoration, are the chief articles of the frtmiture of 
the Tasmanian. More essential, however, than any of these were the means for kindling 
their .fires. The author to whom the present details are more particularly due, most 
expressly states that their memory supplies them with no instance of a period when 
they were obliged to draw upon their invention or ingenuity for the artificial production 
of a fresh flame ; so that the North American practice of rubbing two pieces of wood 
together, and getting a fire through friction, is unknown. Hence the importance of 
a perpetual fire is so keenly felt, that it is never allowed to die utterly away. Neither 
does any migration take place without the females making it their especial duty to look 
to the firebrand, and to keep alight its fire. It is the female's duty, too, to carry it 

about. 

♦ Mr. Craufurd, in " Transactions of Ethnological Society." 
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Their moyements on the water — ^limited, of course, to the tribes on the coast — scorn 
to haye been effected by catamarans rather than by true canoes ; and the planks of 
these were fastened together by means of rush bands, or else skin thongs. The search 
after wild animals and the natural productions of the soil was their business— the 
dance their relaxation. 

These small migratory bands recognised the imperfect leadership of the individuals 
who had the greatest force of character ; in other words, they had no hereditary, no 
regularly elective, chieftaincies. Another negative characteristic was the absence of all 
such influences as originate out of the pretension to divination, theurgy, or witchcraft. 
In sickness the patient was relieved or tormented, as the case might be, by non-profes- 
sional advisers, and the application of an ordinary chii-urgery. He was bled, for 
instance, with a flint, or a crystal sharpened for the occasion ; and the iricnd who bled 
him was the first that had the opportunity of doing so. No one presumed to be 
specially qualified for such of&ces. The women watched over the dying, and the dead 
were usually burned. 

An imaginary spirit, disposed to hurt and annoy them, and more especially so disposed 
during the night, was the chief element of their mythology. There was also the belief 
of a world beyond the grave, wherein game was to bo abundant, and the chase success- 
ful. More specific, however, than these common and universal elements of superstition 
are the following two customs, which still retain their ground. The one is the anxiety to 
possess a bone from either the skull or the arm of their deceased relatives, to be sewn 
up in a piece of skin, to be worn round their necks, and to act as an amulet against 
sickness or premature death. The other is tho fear of pronouncing the name of a 
deceased friend,* 

This is Australian and Polynesian also. 

The Tasmanians have generally been described as samples of the lowest foim of 
humanity, and that perhaps rightly. The details as to the trouble they take about 
keeping up a source of fire are important ; inasmuch as the difficulty they have in doing 
so has led to the statement that they alone of all human populations were, when dis- 
covered, ignorant of it. 

In the Fiji Islands, the parts of Polynesia nearest to Kelenonesia, the colour points 
one way, the language another— the one towards the Society Isles, &c., the unequi- 
vocally Polynesian populations; the other towards the Papuan Islands. Were these 
Kelaenoncsian in the first instance ? 

The following description is from the American Exploring Expedition : — 

<< The Feejceans are a people of the medium stature, with nearly as great variety of 
figure as is found in nations of the Caucasian race. The chiefs are usually tall and well 
formed, owing probably to the care taken of their nurture, and to the influence of blood. 
The common people are somewhat inferior ; yet there are fewer small and ungainly 
figures among them than among the lower orders of Europeans. On the other hand, 
the Fe^eeans contrast very unfavourably with their neighbours of the Polynesian stock. 
They lack the full rounded limbs and swelling muscles which give such elegance to the 
forms of the Friendly and Navigator's Islanders. They are generally large-jointed, and 
the calf is small in proportion to the thigh. The neck is also too short for due propor- 
tion, and the whole figure wants elegance and softness of outline. Their movements 

* '* Moral and Social Characteristics of the Aborigines of Tasmania, as gathered from intercourse 
-with the sarviTing remnant of them, now located in Flinders Island." By the Ber. T. Dove, late of 
Flinders Island. — Tasmanian Jottmal of Natural Scienee^ J^e. Vol. I. 
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and attitades arc, coosequently, less easy and graceful iStuaa. those of the Flois^negians. 
They are, neTer&elefis, a Btrong race ; their irar-clubs are panderous, and are winded 
irifli 'great power, and they can carry very heavy burdens. 

'* The Feefeean physiognomy differs from tiiat of the Bolynesiana^ not bo much in ai^ 
particular feature as in a general debasement of the whole, and a decided approximation 
towards the forms characteristic of the Negro race. The head is nsnally broad in the 
occipital region (which they consider a great beauty), and narrows towards €he top 
and in front, — the forehead, thongh often of good height, appealing compressad at the 
sides. The eyes are black and set rather deep, but never obliquely. Tlie nose is not 
large, and is generally a good deal flattened ; the nostrils are often larger latently than 
forwards, and the nose is then much depressed at the upper part between the eyes. The 
mouth is wide, and the lips, particularly the upper one, 'Qack.. The chin Taries, %EEt is 
most commonly short and broad. The jaws are larger, and the lower part of 3ie &ee 
far more prominent than in the Malay race. The cheek-bones, also, project fbrfratds as 
in the Negro, and not laterally, as in the Mongol variety ; notwithstanding whkh, the 
narrowness of the forehead at the temples gives a greater width to the face at fhe malar 
portion than elsewhere. The whole fetce is loDger and thinner Ihan among the 
Fofynmans. The hair is neither straight nor wodUy, but may be properiy -designalJed 
as fi:izzlcd. When allowed to grow without interference, it appears in numerous spiral 
locks, eight or ten inches in length, spreading out on all sides of the head. Sometimes 
these curls are seen much longer, falling down to the middle of the back. It is, how- 
ever, very seldom allowed to grow naturally. The young boys have it cut very <dose, 
and sometimes shave to the skin, like the Tahitiana. In girls, before marriage, it is 
allowed to grow long, and is coloured white by washing it with a solution d£ fime, 
except a portion around the crown, which is plastered with a black pigmeot. After 
mamage, it is either cut to the lengtii of one or two inches, or frizzled out like that of 
the men : in both cases it is frequently soaked in colouring liquids, either red'Or Uack. 
The men in general have their hair dressed so as to !form an immense send-^Mular 
mass, covering the top, back, and sides of the head. The arrangement of tins«cflieFelare 
is performed for the chiefs by professional barbers, and is a work of great IskoiEr. Six 
hours are sometimes occupied in dressing a head; and the ^x>cefls is repeated at 
intervals of two or three weeks. It is ^nrobably to guard against disarran^ng this 
woik that the pieee of bamboo which is placed under the neck in sleeping is employed, 
instead of the ordinary pillow. For the same purpose the natives usually wear^ dtzring 
the day, a sola or kerchiefs of very thin gauze-like paper elolh, whidi is thrown over 
the hair, and tied closely around the head, so as to have very much the appearance 
of a turban. 

'' The colour of the Feejeeam is a chocolate-brown, or a hue mid-way %eftwem fibe 
jet-'Mack of the Negro and the brownish-yellow <rf the Iblynman, There are., h o wever, 
two shades very distinctly marked, like the blonde and brunette compIcadonB in the 
white race ; besides all the intermediate gradattons. In ene of these shades ihe hrown 
predeminstes, and in the other the copper. Hiey do not belong to distinet wastes or 
ehunes, but aw found indiscriminately among all ranks and in all tribes. l%e nstives 
«rs mware of the distinction, and caH Ihe lighter-coloured people Fttb* Kd/mrniAnnUf ' red 
F$(^e$en8 ;* bat they do not seem to vegavA it as anything whidh requires er ftdmits of 
explanatian. These red-skinned natives must not be oonfounded with the Tu^gm-Viti, 
or individuals of mixed Tongan and ^^ean blood, oi whom thave are sunqr «a>i 
parts of the group." 
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Tke real difficulties of the Ooeamc elafss lie in -f&e apperenfly tibnipt lines of deinar- 
cation wbaxHi separate tibie primary divisions, -especially the Kelsenonesian ifrcnn the 
Amphinesian ; indeed it is odiy hy concentrating cmr attention on the hlac^ Tsxiettes of 
the Protonesian area, and by remembering Hie likelSiood of their once haying formed 
the preponderating population, that we can see onr way to the connection. And 
even when 1Mb has been done, the difference between the Kelienonesians themselres is 
remarkable. Let ns notice some of t^e Uacks <^tlns same ^rotonesia. 

They have not been found in Borneo— at least -they have not been fbundso as to be 
definitely described; nor yet in Sumatra. In the peninsula of Malacca, however, 
they have. They have been found, and they have been examined — the name by which 
they are denoted being Semang. Let ns look -at the colour of the ISemang skin. The 
complexion is dark ; the hair curly and matted, but not !&izzled. This -is what Mr. 
Newbold relates ; premising that he had no opportunity of personally judging. Mr. 
Anderson and Sir S. Baffles describe this darkness of complexion in stronger terms. 

The Semang of Quedah has the woolly hair, protaberant belly, ^<% lips, black skin, 
flat nose, and receding forehead of the Papuan. 

The Semang of Perak is somewhat less mde, and speaks a di&rent dialect. 
' More than one Malay informed Mr. Kewbold that the Semangs were essentially the 
some as the Jokongs ; having the same hair, but a somewhat blacker Am. 

They live in mde moveable hnts, constructed of leaves and branches, scantily 
dolled, and fed from l^e produce of the -chase, at which they ore expert. Their 
government is that of chicfe or elders. The Malays accuse them of only interring the 
head, and of eating the rest of the body, in cases of death. 

Here, then, is one of l^e populations coming under the category mdioated, being 
daik in skin, impracticable in locality, rude in manners. Yet the Malay who compared 
them with Hae Jokong suggested the uniikdihood of the distinction between the Semang 
and the other populations being very decided ; inasmuch as the Jokongs are Semang in 
everything bnt colour, tpJtUst both Semang and Jokong are Malay m language. 

Now letns tfdce the islands that lie cast of Java, and, of tikese, the eastern «Bd. 
In Timor the skin darkens, the lips thicken, and the hair gets frilly. In Ombay tiie 
population is described by Arago as being black cannibals, with flattened noses, and 
thickened lips. 

Then as to their speech. Marsden calls lihe languages of the Semang, and the 
darker tribes ©f Polynesia, NegrHo ; and having done so, remarics, "TT^hon) rarely 
met with any Negrito language in which many tcorrupt Polynesian words might no^ 
be detected. In tiiose of New Holland or AnstraiEUi sudi a miztizre is nd found. 
Among them no foreign terms tiiat connect them witii tlie langoages, even of ^dier 
Faptut or Negrito countries, can be diseovered. With legasd to the physical qnalsties 
of flxe natives, it is neariy superfluous to state, that they arc Negritos of the most 
decided class." 

This is important, if accurate ; but it is not so. The Ombay, and two «riher 
dialects, the Mangorei and Timbora, are known to us by scanty vnoabukrieB of sooiatwo 
doEen words ; yet liiese give ua tiie following affiniSies wiOl tike Australian dtabolB^— 

1. Arm = Parana, Ombay ; porene, Pine Gorine dialect t)f Auatealia. 

2. Hand=:oefmr, Ombay; hmgue, Now Oaledcmia. 

3. Nose = tmount, Ombay; maninya, mandeg, mandeinne, New Caledonia; umwii, 
Tan Dtemen'B Land, wvatem diidect; m«ne; Mangom; meouiK, mmdge^ in^t, Vac- 
quarie Harbour. 
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4. Kead^zimocila, Ombay; tnoos ( = hair). Damley laUnd; moochi (=:hair}, 
Masked; immoos ( = beard), Damley Islands; eeta mooehi ( = beard) , Masded. 
6, Knee = teid-boukay Ombay ; bowka, hotUkay ( =fore-fijiger), Damley Islands. 

6. Leg = iraka, Ombay ; horag-nata, Jhongworong dialect of the Australian. 

7. Bosom = ami, Ombay ; naem, Damley Island. 

8. Thigh ^ iietMy Ombay ; iinna-mook ( = foot), Wioutro dialect of the Australian. 
The root, tin, is very general throughout Australia in the sense of foot 

9. Belly ^s te-kap-anay Ombay; eoopoi (=: navel), Damley Island. 

10. Stars = «)n-^rr«, Mangarei; bering, Mrrongy Sydney. 

11. Hand = ^anara^a, Mangarei; taintUy Timbora; tamira, Sydney. 

12. Head=ya/«^, Mangarei; ehowy King George's Sound. 

13. Stars = Arm^^^, Timbora; chindy. King George's Sound, Australia. 

14. Moon = md(n/o;i^, Timbora; metie, King George's Sound. 
1 6. Sun = inghmgy Timbora ; eoing, Sydney. 

16. Blood = ^^ro, Timbora; gnoorong, Cowagary dialect of Australia. 

17. Head = AroA»r«, Timbora; gogorrah, Cowagary. 

18. Fish^opjPt, Mangarei; wapi, Damley Island. 

Now let us look at the Airu Isles, about sixty miles from New Guinea, extend- 
ing over a space of about one hundred miles in length, and forty-five in breadth. 
They are nearer New Guinea than they are to any of the larger isles westwards. 
There is no doubt as to the difference between the natives of this group and the Malays, 
or Moluccans. The colour of the skin has changed from brown to black, and the 
stature has increased. The height of the men sometimes approaches six feet; but we 
may say that the usual range is from five feet four to five feet eight. The chests are 
broad, but the lower extremities thin off, and become disproportionately slim. The 
most palpable fact, however, connected with the Arm organization, is one mentioned 
by Mr. Earl, viz., that when some of the aborigines of Port Essington were landed 
on the islands from an English ship, the natives mistook them for the inhabitants of 
some of the more distant parts of their own archipelago. The hair ia strongly curled, 
and harsh, the use of alkaline washes being general. 

When an Arm islander dies, no one of his surviving relations thinks it right to use 
any articles of property he may have left behind — ^no pot or basin, no weapon, no 
musical instrument. The owner is no more, and his relics must cease to be put in use. 
So they are all broken to pieces, or thrown away. Then the body is laid on a mat, and 
rested against a ladder, until the mourners meet. As decomposition proceeds, attempts 
ore made to arrest it by the application of lime. Meanwhile, resins are burnt in the 
house, and the guests hold a wake — drinking, howling, and beating gongs, food, too, 
is offered to the corpse — crammed, indeed, into the mouth, until it runs down and 
spreads over the floor. Dishes of china are set to catch any moisture from the b6dy; 
the value of the dishes being enhanced by the office they have served.* 

When a young man will marry, he purchases his wife of her parents ; but the payment 
is made by instalments, spread over several years. When unpossessed of property, the 
bridegroom elect travels amongst his friends to collect, taking island after island, and 
often making an expedition of a whole year. In this way he levies contributions of 
elephants' teeth, porcelain, cloth, and gongs. He returns, ho is feasted, and becomes 
betrothed. 

To enter another man's house during his absence is a misdemeanour, for which ft 
• lieutenant Kolfs ** Voyage of the Durga," translated by G. W. Earl. 
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piece of cloth, or some other article, is paid as a fine. To touch another man's wife is 
an offence still more heinous, for which the fine is propoi-tionately heavier. 

The purest and most unmixed of the Arm populations are the occupants of eas- 
tern islands ; in the north-western parts they become mixed. There it is where the 
trade is most active, and there it is where the Chinese, Javanese, Bugis, and Europeans 
resort for barter. Pearl oysters, edible birds' nests, and trepangs are the chief exports. 
These the Arru coUect with industry, for they are an active, thriving population, with 
strong industrial and commercial propensities ; not surly and uncivil to strangers, but, 
on the contrary, well-disposed and open-tempered, — addicted to piracy in some loca- 
lities, to honest trade in others. 

Black and barbarous as much of the Ami population is, their language connects 
them with the Malays and other Protonesians, as truly as their form connects them with 
the Papuans. 

I am making out a case for connecting the Kelaenonosians with the Amphinesians; 
but I refrain from stating any opinion as to the value of the two groups, as well any 
opinion as to the value of any of their subdivisions. I also admit the great amoimt of 
physical and philological difference ; but admitting this, I also suggest to the reader the 
careful consideration of the great difference in the physical conditions of areas like New 
Guinea and Australia, and areas like the islands of the Indian Archipelago and South 
Sea. I also remind him that whatever may be the length of time, during which Micro- 
nesia and Polynesia have been separated from Protoncsia, the Kclsenoncsian isolation 
is of earlier date stiU. 

Another fact, too, requires noticing ; yiz.j that Protoncsia is not the only part of 
Amphinesia where the population has skins of two tints. The same occurs in Micro- 
nesia—the same in Polynesia. Sometimes the difference coincides with a difference 
of caste — sometimes with a difference of locality. Sometimes different islands of the 
same Archipelago are differently characterized. Captain Beechy's remark on this dis- 
tribution of this blacker variety is important. He finds that it has a special relation to 
the geological structure of the area ; i . e. that the lower and coralline islands contain 
the darker, the higher and volcanic islands the lighter, tribes. 

Other instances of a similar relation of the colour of the population occupant to the 
physical conditions of the parts occupied, will be foimd when we come to Africa. 

At present we must return to the Turanians, and take them up at the north-eastern 
extremity of Asia ; the divisions of them that are of special importance being the 
Ugrian and the Peninsular. These it is which lead us to 

GROUP VII.— The Americans. — Area: The Aleutian Isles; North and South Ame- 
rica — ^remarkable for the comparative absence of domestic animals- Fhysiognomy : 
Modified Mongol ; the departure from the type being the most marked on the water- 
system of the Mississippi and the coast of the Atlantic. Zanffuages : Agglutinate. 

The present writer confesses to no such misgivings as to the origin and affinities of 
the great American group as find place in most works on the subject. He neither finds 
difficulty in connecting them with the Old "World, nor doubts as to the part thereof 
from which they came. This he finds in north-eastern Asia, just what the d priori 
probabilities of the geographical relations of the two continents indicate. 

His reasons for thus making short work of a hitherto long question, lie in the recent 

additions to our geographical and ethnological knowledge for the parts to the west of 

,, the Rocky Mountains — for the northern parts more especially ; for Russian America ; 
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for New Caledonia ; and for the Oregon. It is only lately that we have known much 
of these districts, especially in respect to their ethnology. More than this — it is only 
recently that the Far West of the parts between the Eocky Mountains and Atlantic 
has been at aU carefully explored. What followed from, this want of information. ? 
It foUowed, as a matter of course, that our notions of the so-caUed. Bed Man of America 
were formed upon the Indians of the Alleghany Mountains, the Mississippi, and the 
St. Lawrence. But these were extreme samples — samples of the American in his state 
of greatest contrast to the Asiatic. No wonder, then, that the connection between them 
was mysterious and uncertain. If investigators doubted, the want of data justified 
them. The populations which were the likeliest to supply the phenomena of transi- 
tion were unknown or neglected. 

Again : there was only one population common to the Old and New World. This 
was the Eskimo, a population which at one and the same time occupies the Alealaan 
Islands, the peninsula of Aliaska, the Island of Eadiak, the greater part of "RnaainTt 
America, the coast of the Arctic Sea, Greenland, and Labrador. Hare it comes in 
contact with the so-called Bed Indian of the Algonkin class. 

Now, between this so-called Bed Indian of the Algonkin class, and the Eskimo in 
geographical contact with him, there is a broad line of demarcation — a line of demar- 
cation so broad as to suggest the idea of contrast rather than connection. Hence, as 
long as we studied America on its eastern or Atlantic side, we got nothing from, the 
"RsTrimn ; nothing j&om the fact (apparently so important) of his being common, to the 
two hemispheres, and (as such) being likely to supply the connecting link between them. 
He was anything but such a link. He was rather a knife to separate than a band to bind. 
Yet, on the western orPaciJic side of the continent, this same Eskimo so graduates into the 
American Proper, and the Indian Proper so graduates into the Eskimo, as to make the 
distinction between the two groups as difficult as, on the east, it had been easy. Why 
is this? On the east the Algonkins, a conquering and intrusiye population, have 
spread themselves northwards, and have effaced such transitional populations as may, 
originally,, have existed between them and the Eskimo ; whereas, on the west, the con- 
quests, intrusions, and displacements have been inconsiderable. The same phenomenon 
repeats itself elsewhere — nowhere more clearly than in the northern parts of Europe. 
The Norwegian and the Laplander are strongly contrasted— very strongly. But this 
contrast disappears as we go eastwards. The Lap graduates into the Finknder; the 
Finlander can be thrown in the same group with the Lithuanian and Slavonian ; the 
Lithuanian and Slavonian in the same group with the Scandinavian. 

Other phenomena, connected with the distribution and displacement of population 
whaeh we have observed in Asia, will re-appear in America—*. ^., the juxtaposition ksI 
large and small el^nological and philc^ogical areas. In Asia we found, en one side, the 
Tttrk tribes, spread over a space nearly as large as Eniope, and thi^ with but little 
variation — a typical instance of what eonstitates a large ethnc^gical area. Then, on 
the other hand, were the fEistneases of Caucasus, where we found, packed up witi^ a 
very limited area, a multiplicity of mutually unintdUigiye languages,.— knguagea that 
weve counted by the dozen and the score — the Circassian, Georgian, Leagian^ IMjajejiy 
and their subordinate dialects. So that within a small geographical range we had^ in 
juxtaposition with each other, the maximum of extension and the maximum of liTntM imi 

Now this is what we shaU find in America. 

The larger groups will be noticed first — those of North Auerioa taking iStie 
preoedence. 
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i' SflkimOh — ^The Eskimo are emiaently a maritime family : macitime ^wlietiher 
they ooeupy islands like the Aleutian Archipelago, peninsulas like that of Aliaduiy or 
broken lines of coast like those that form the shore of the Arctic Sea. Even in Eussian 
America, Greenland, and Labrador, large blocks of land as they are, it is only along the 
coast that the Eskimo is distributed. 

The Eskimo is one of the populatioii9 of ]TbT^ America, that stretch aU across the 
continent, from west to east, from tkr JAariSe t» I3ie Pacific. Common to two con- 



tinents, the Eskimo area is also coohbok t» laro 
does so is — 

The Atlukbaakan.— The EskiM^ 
open expanse of the Atlantic on.' 
only to the great inlet of 
Cook's Inlet, in 60'' N. Lai, 
the Atlantic— t. e. on HuchtiAi Biief. As ft 
Eskimo is the northern 



The other population that 




i han^iorieaitt^. 

HI nortk tef 



the continent, reaches the 

The Athabaskan extends 

the Eskimo, so to say. At 

to tli£ north of Port Nelson on 

■fa^ the southern limit of the 

: titft CBtenssMa being, in both cases. 



from east to west (or vi» i 

The Athdbaakans, homnfmrn^ «sleni 6am nortk te anfr, as wril as from cast to 
west, and, whait is mane reiiiwlrfiiii, Hay lave ywaacff oi&cts. Aist as the Majiars 
of Hungary Mong ia the essotiafiy wftugn atocl of 1fl» lEgriaB% ftom which, how- 
ever, they an geographicaUjr sqpoaied byawiia nafceiagBet, so §m cirtain tribes of 
Mexico and CB&famiiit>-tribi» «b. Hbt vesj ft^p ^ ^ !I):opicfli — ^Uong to those 
very Athabafifems whoae tru»flBt»»tfe Mamii forts ef BossiiniAiiBaiiBa^ the northern 
range of the Bocky KuniaiBi^ fte foflej of t&e MauAoDm tiyvb^ ikm parts about 
the Great SXaice Lake, and Ibe faite about La£:e Athabai&a— "w^nistt iSktaaaaie, Some 
of them He wiliui i3m AsdOt CiodkL 

The sclera] J KUlh u liM fc of thtt JMhafinfam^ ii mam impaiteaik iOmm the details. 
The chief tribeffy luwe^wi^ are— l&gCthifM w^iiiii (arlieelftarzE LsdkHy » called) ; the 
Beaver Tnifiaiw ; fka 'Deifm iiimii;: Urn StEOBg-bowa ; tike Baxft TbiTwiw; Ae Bog-ribs ; 
the Yellow-kiixyes ; Ibe XidUK (^rGbnier^ ;, AeTykHBii ; 4e ftaaaf ; tiie Loucheux ; 
and the Eenay of Cook's Inlet) along- wth other nsMvtnknL 

To these we must add the opotlying wsdSmmmim^ Omgmy k, CaHfomia, c, Mexico. 

a. In Oregon the Athabaskans-nuiAaf iStree siaaS bribes, of which the first two, 
the Kwaliokwa and the Tlatskanai, f— wiJiws eaeh of ahnt one hundred individuals, 
lie at the mouth of the Columbia river--aB9 aorth, the other south of it. The third 
tribe, that of the Umkwa, lying on the river so called, numbers about four hundred. 
This is in 43° N. Lat. 

b. In California the Navahos and Jecorillas, wild tribes of the desert, are shown by 
their hngiage to-be Athubnskan, as aire some oither smalls GaMatnian tribes. 

e,. ]& Meziee aome of the Apatches are Athaba&an ; so tax south have Athabaskan 
ofieta bee» £nmcL. 

The extent to which tito tribnal organizatiam prevails may be seen from the ioKow- 
ing list of names : — 

1. The Tautin, or Talkdtm; 2. the TtUkdtinf or ChiUoikm; a. tiie iVa8A<$^'; 4. 
the Tk$mtm; 5. the TatOsndtim 6. the Nuladuiin; 7. the Ntskadutin'^ 8. the Natli- 
uutmi 9, ihej^ikozUdtain ; 10. the Tutakidutin; and 11. the ^adm^ Indians. 

These are the Mfd-divisiona of a single Athabadcan division, the TakuUi of New 
CalRdflBiftyf— an example of which forms the Frontispiece of the present yolmne. 

The AlgonkliMi^ — ^The great Algonkin class extends bat little to the west of the 
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THE ALGONKIN AND IROQUOIS TRIBES. 



Eocky Mountains ; so that its east-and-west or horizontal direction is smaller than 
that of the Eskimo. Nevertheless it is the largest of all the North American groups. 




A SAC CHIKF (aLGONKIN). 

It subtends both the Athabaskan and the Eskimo areas, — ^the former from the Rocky 
Mountains to Hudson's Bay, the latter in the southern and central parts of Labrador. 
Here the country of the Skoffi (or Nascopi) and Sheshatapush reaches 60'' N. IM. On 
the south, the parts about Cape Fear, and in South Carolina (34° N. Lat.), is Algonkin ; 
the occupancy of the now extinct tribe of the Pamtico. 

The vast area of the Algonkins surrounds and incloses that of 

The Iroquois suggesting the idea of encroachment, conquest, and displacement. 

If the Iroquois family cover less groimd than the Algonkin, its historical prominence 

* is equal, or even greater. The famous confederacy of the Five Nations was Iroquois. 

The once formidable Mohawks were Iroquois. Before the arrival of the Europeans the 

Five Nations were dominant over their Algonkin neighbours ; and after the arrival of 
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the Europeans the Iroquois warriors were xoore feared than thoee of the Algonkias. 
At one time the head of the Algonkin confederacy was an Iroquois chieftain. 

The Iroquois and 
Algonkins exhibit, ixx 
thomost typical fonn, 
the characteristics of 
the North American 
Indians, as found 
in the earliest descrip- 
tions; and they are 
the two families upon 
which the current no- 
tions respecting the 
physiognomy, habits, 
and moral, and intel- 
lectual powei-s of the 
so-caUed Eed Bace 
are chiefly founded. 

As a general rule, 
though not without 
importantfixceptiona, 
the Algonlcin and Iro- 
quois dasses He to the 
east of the Missis- 
sippi, and their origi- 
nal area was the region of the forest rather than the prairie. The region, of the 
prairie rather than the forest, is the occupancy of 

The Sioux — The vaMey of the Missouri is Sioux; the foot of tha Rocky Moua- 
tains is Sioux ; the Bed River is (n3<»rth«Ti) Sioux ; 
the Arkansas, is (southern) Sioux; the greater part 
of the buffalo <^untry is Sioux. 

So mufih has to be done, in respect to the clas- 
sification of tha Ajneriean tribes,. tbftt the yaJjueof tho 
foregoing groups is anything, but ujiifoKnu The 
Sioux and. Iroquois, for instance, should probably^ be 
subordinated to somoi higher den(Hfti}kfttion; and this 
higher denozaiaatiyoiushould pcobaUy contain the fbl- 
lowiz^ 8eotijoasi>^ 

Tho^lRocAonftiUid Cutaivhas of. Carolina; 
The. Chiunkmtt, Cho«t«% and* Gnefcs of 
TenessQO^ South Carolina, . Mississippi, Louisiana, 
Florida^ Alahajna, and Georgia.; 
Sie.Oftdte of Texas. 

Of these the- Cherokee is (me of the few so-caflcd 
savage natiow which is inereasiug, and not de- 
creaaingy in nwnbers. It is also the most industrial 
of all the American families ; the Cherokee landholder baring, in some cases,, as 
much as five himdred acres under tillage, and possessing slayes as well. Lastly, 
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a native Cherokee has reduced the language to ■writing — the alphabet being 
syllabic. 

The PadncaA. — The form of the area occupied by the Paduca class is remarkable. 
It extends nearly from sea to sea, like the Athabaskan and Eskimo, but its direction 
is obliqtte. In the Oregon territory, and on the middle Columbia, populations called 
the "Wihinast and Shoshoni approach the Pacific. In Mexico and Texas, and on the 
Eio Grande, a population called the Cumanch approaches the Gulf of Mexico ; the 
Cumanch, the Shoshoni, and the "Wihinast being equally Paduca. Othier members of 
the class, spread eastwards, in the direction of the Platte and Arkansas rivers, vest- 
wards into the Califomian desert. 

Such are the larger groups, the size of whose areas remind us of those of the Turks, 
Mongolians, Ugrians, &c. — the rule being, a large area with a comparatively uniform 
population. We nuist expect, however, instances of the converse phenomenon as well, 
viz., the analogues of the Dioscurian distribution. 

For the populations now about to be noticed, the areas will be cither moderate or 
small, the differences within them being considerable. 

The change sets in as we approach the Mississippi, when differences begin to 
increase, and distinctions to broaden. The Uche, the Coosadas, the Alibamas, the 
Tacnzas, the Pascagoulas, the Colapissas, the Biluxi, the Chetimachas, the Humas, the 
Tunicas, the Pacanas, the Xatchitoches, the Adahi, the Opelusas, the Attacapas, take 
us from Florida to Texas— the bulk of the Texian aborigines belonging to the Caddo 
group. Most, if not all of these, appear to differ as much from each other as any of 
the more distant members of (say) the whole Sioux, or Algonkin class. It should be 
added, however, that our information concerning them is very imperfect. Of these the 
Natchez require farther notice, inasmuch as their customs remind us of those of 
the Mexicans. They practised human sacrifices on the death of their chief. 
They not only worshipped the sun, but (like the ancient Bomans) kept burning an 
eternal fire. Their religion so tax acted upon their social or political constitution, as 
to develop a sort of caste-system, the principal chief being the Great Sun, and his 
children. Suns ; whilst the portion of the tribe, not supposed to be so descended, were 
destitute of civil power. Their nobility was transmitted through the female. 

The Attacapas, too, demand notice. Judging from a specimen of their language, 
it is one of the tongues of America whereof the original monosyllabic character has 
yet to become agglutinate. 

Further north, amongst or in contact with the Sioux, the Riccarees, Pawnees, and 
Ahnenin have yet to be classified. 

But the multiplicity of small or moderate populations attains its maximum in the 
parts between the Rocky Mountains and the Pacific- Proceeding from north to south, 

The Kolttch come first. In the parts about Sitka, or New Archangel, the 
Koluch characteristics are pretty definite. As soon, however, as we move northwards 
and eastwards, the lines of demai'cation between them, the Athabaskans and the 
Eskimo grow indistinct. For these parts, and the parts south of them, the coast-line 
is broken, the islands numerous, and the populations maritime in their habits. 

The Haidah occupy Queen Charlotte's Islands, &c. — 

The CJiemmesyan ; Observatory Inlet, and the parts about SS"* N. Lat. — 

The Billechula ; the mouth of Salmon River, 64° N. Lat. — 

The Bailtsa ; the coast as far as Vancouver's Island. — 

The Nutkans ; Vancouver's Island. — 
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In the interior, and on the water-system of Frazcr's Bi-ver, lies a family of con- 
siderable dimensions, falling into divisions and subdivisions, viz., the Tnhaili {Atna, or 
Shushiffop). 

At the back of the Atnas and on the Rocky Mountains are the Eitunaha, or Flat- 
bows. These touch the Blackfoots on the east — the Blackfoots being Algonkin. 

The Chxnuks are on the mouth of the Columbia, a population fEdling into divisions 
and subdivisions ; a population of which the physical appearance, as described by 
Pickering in the United States Exploring Exx>edition, is as follows : — '* The personal 
appearance of the Chinook differs so much from that of the aboriginal tribes 
of the United States, that it was difficult at first to recognise the affinity. Taking 
them collectively, they are even inferior in stature to the tribes of Interior Oregon ; 
the general form is shorter and more squat, and the face is rounder and broader 
when viewed in front. Instances occurred of a fairness of complexion, which I have 
not seen in other parts of aboriginal America; and in young children the colour 
was often not strikingly deeper than among Europeans. The oblique eye I have 
scarcely noticed in other parts of America; nor such frequent. difficulty in distin- 
guishing men frt)m. women, whether in youth or age. The arched nose was, 
however, very prevalent among the Chinooks. The beard was not always abso- 
lutely wanting, but it occasionally attained the length of an inch or more. One 
man had both beard and whiskers, quite thin, but full two inches long; and in 
other respects he much resembled some representations I have seen of the Esqui- 
maux. . . . llie head is artificially flattened in infancy; but as the children 
grow up, the cranium tends to resume its natural shape, so that the majority of 
grown persons hardly manifest the existence of the practice. One effect, however, 
seemed to be permanently distingnishable in the unusual breadth of the face." 
This flattening of the head appears and re-appears in several parts of America ; 
the parts on the Lower Columbia supplying numerous instances amongst the Chinuk 
populations, and amongst populations other than Chinuk. Higher up on the Columbia 
comes another family — 

The Sahaptiri — ^the first of the Oregon tribes for industry and docility ; rare charac- 
teristics amongst the inland tribes of America, though not amongst the maritime. 

Divisions and differences still continue ; indeed the details of the ethnology of South 
Oregon and California consist chiefly in the names of obscure tribes, speaking mutually 
unintelligible tongues — Taken, Ealapuya, Lutuami, Saintskla, Shasti, Palaik, &c. &c. 

The valleys of the Gila, Colorado, and the upper part of the Eio Grande, give us, in 
the Moqui tribes, and the so-called Indians of the Pueblas, an approach to the industrial 
condition of ancient Mexico— viz. an incipient agriculture, and a masonry of stone. 

Tlie Pima tribes, on the frontier of Sonora, are also (for Americans) industrial. So 
are (or have been) several other tribes of Sonora, Cinaloa, New Biscay — others being 
rude and wild. 

In Mexico the civilization attains its maximum ; in Mexico, Central America, and 
Yucatan. But it is a civilization which has gone by — found only in the ruins of great 
buildings, and in the accounts of historians. 

At present the Central Americans, when occupants of the isolated mountain-ranges, 
are rude and wild, preserving, in some eases, an imperfect independence. The Lacon- 
dona Indians, between St. Salvador and Honduras, are the best samples of this dass. 
The tribes of the Moskito coast give us the other extreme, viz., the effects of inter- 
mixture with both whites and negroes, along with the consequent loflB of ethnological 
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(diaracteristics, and; the rttde virtnes whkih iihty ixdg^t, t» savages, hftve poftses&ed. It Is I 
these Mosldto Indiana mho oocnpy the (xnmtiy abettt •GiVTto'wn mud- Bkicfields, between i 
the Eepublics of Nicaragua and Honduras ; who have their chief settlemeixtriiear Cape i 
Gracias ii.Dios, and who claim tixe month of the fiver 8an Jiutn. It is Ihe.Moskitos, ' 
who consider themsdves to he wholly kid^endent'of the^'Spudaids, but protected by ' 
the 'British to whom their Idag has-assigiitdd «ueh tenttorial ^:rants as We'«ocw hold on | 
their coast. They hare been the cause of political ooim{^ations beti^een ourselTes I 
•-and the United States more than onee, and are lilsely to be so again. They, and the ! 
tract they occupy, their. poKtieal rights and their poUtieal pretenfiions, aU. want bu»% 
notice on the part of the English public than they have met with. They are dearly 
and definitely separated from the tribes around by their language. This z^eq^iires an ; 
isierpreter to make it intelligible to thsir next neighbouxs. It is eminently smooth ' 
and harmonious; rarely tolerates two conaeoative consonants in the same '^Uables, ' 
amd wsnts the sounds of / and v. It has ti^en hdi few words &om <tie Spanish, i 
though several from the English, e. g. : — 



OiP, bip (beef). 

Iwne^ haras. 

<«r^,prus (puss), 

goat^ gut. 

CM, berico. 

rntde^ miul. 

dotmsiic hog, kuerko (puenso, S.) 

-^fae, kapi. 

tobacco, twaka. 

■sttgar-etme, kenio (cana, S.) 

9cUt, sal. 

axe, hasa (hacha, S.) 



jw»«?,'prais. 
'mii8^,'nms. 

6(idi God. 

3ev%l, Debil, 

j|«frf»8, hcbcn. 

untmy, mersi. 
' Htasj blifts. 

iJianka, tant. 

thmtand, tausan. 

ifnd, 'lend. 

hair, hire. 

»or*, fwnrk.* 



Wulasha is the name of the evil-spirit, Ziwaia of the water-spirit. 

At the back of these, and southwards, lie the mountain-tribes of Kioaragua, well 
described by Mr. Squier ; and on the Lake of 'Nicaragua, according to the state- 
ments of many an earlier author, now verified by the writer last mentioned, 'the remains 
of a Mexican colony, characterized, even at the present moment, by the use of the 
Mexican language. 

In Costarica and Veragua we have the Indians of the Isthmus— ^Western Ycragna 
being the country of the ancient Dorachos, and the country of file ancient Dorachos 
being rich in archoBological remains. The tombs are of two kinds. One consists of 
flat -stones, put together after the fashion of coffins, and covered with boU— -the contents 
being earthen vases, rounded agates, and small images of birds in stonc--eagles most 
probably — such as arc found in Mexico, and on the Moskito shore. It seems to have 
been the custom to wear them round the nock as ornaments. The more firequcnt form, 
however, of tomb is the cairn, a rude heap of pebbles, in which we find no eagles, 
no ornaments, but only one of more stones used for 'grinding «om. At 'Oaldera is to be 
foxmd a rock covered with figures. Onef " represents a radiant sun : it is followed by , 
a series of heads, all with some variation, scorpions, -and iSMitastic figures. The top and 
other sides have signs of a circular and oval form, crossed bylines." Height, fifteen | 
feet. Characters, an inch deep. i 

* Transactions of the American ethnological Society; vol. ii, p. '287. 
+ Seeman's Voyage of the " Henddj" vol. i, pi 018. I 
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But the DoraclLOs are extinct ; so that it is only in northern Vcragua that Indian tribes 
still exist. These are the Sayanerics, who are most numerous near the Tillage of Las 
'Falmas. One of their chiefs considers himself to be the descendant of Montezuma, and 
to a certain extent his successor and representative ; since he sends every year a legate 
to Santiago to protest against the occupancy of the Spaniards, and to asiert his own 
territorial right. They hunt, and flsh—^at least they poison the water with the pounded 
leaves of the barbasco. "When a dead body is to be disposed of, it is wrapped in ban- 
dages, dried oyer a fire, laid on a scaffold, with meat and drink beside it ; and Irhen 
dry, interred. "West of the Savanarics, and in Panama, come the ManzamUo, or San 
Bias Indians; and beyond these, on the River Chepo, the Bayauos— warlike, and inde- 
pendent. Then die £Swlo tribes from the Gulph of San Miguel, on the south of the 
Isthmus, to thfimotstiheEn} fi?eiitier of Ecuador. They may be traeed along the coast " by 
their peculiar mode of raisin^^their habitations upon poles sis or eight feet above the 
ground." Tbis form of architeature wiU appear again, ♦. ^. wten we come to the JFaraws. 

The eanbnot betwesB^argeaand small areas, which'iv'e have abready^een in Asia 
and Koi4h Ameiica, ropeftts '. itself in South America, ^where ike '>ana2i;gues of the 
Athabaskans, Algonfcins, &c^ ;are as follow : — 

. The llvichua stock foUews the line of the Andes &om the qqnator toiUS" S. Lat. — 
spreading, in one point, .as far eastwards as Tucmnan. Like "the Algonkins, the 
Quichuas have enaroaohedand conquered ; and just as the Iroqaoia^ffiica is surrounded 
by Algonkin occupanoiefl, «he Aymaras (between 15"* and 'fiO^S^.'Lat), are surrounded, 
or nearly snirounded, by Qoi&luias. The Quichua is the name of :^e 'language of Peru, 
the ancient civilization of .tiie Quichuas and Aymsras being that of i^el^icans and • 
the Yucatecos (or people of Yucatan). 

The Caxibs.— The Caribs take the same prominence in Vcnezula that the 





1.— JfiMiai. 3.— Ifocwtt. ! 

"Quichuas do in Peru, extending from the frontier of New Grenada to French Ouiana. ! 
There, as well as in English, Dutch, Spanish, and BrasSlian Ooia&a, the numiroiis ' 
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diylsions and subdivkions of the Carib groups, constitute the bulk of the Indian popu- 
lation. In Trinidad, too, part, at least, of the early population was Carib, as it also 
was in the Antilles. Cannibalism, and the habit of flattening the head, are Carib 
customs. 

The distribution of the Quichuas is unique. Their area is large, and, at the 
same time, mountainous. Nowhere else does this conjuction occur. As a general rule, 
mountains isolate ; levels connect. But the South American areas are remarkable 
for another peculiaiity. They are greatly determined by the courses of rivert; being 
fitwiatilej so to say. Now the Orinoco, and the Rio Negro, are the Carib water- 
courses. . 





Z.—Macuii. 



Arecwta, 



But far more remarkable than any of the Carib phenomena is the distribution of 
The Ouaxani. — It matters little from what point we begin to consider it. Perhaps 
the mouth of the Amazons is as convenient as any. If this be our starting point, wc 
may follow the coast southwards, and in the direction of the Jliver Platte. In nine 
cases out of ten, as often as the eai^lier Portuguese adventurers came upon an Indian 
population occupying the sea-shore, that population spoke a language which they called 
Tupi, Tupinekij jTw^tnambis, or something similar in the way of a compound of the root 
tup, and which they found to be mutually intelligible with the forms of speech spoken in 
several distant districts elsewhere. If they landed on the parts about Bahia, the 
language was akin to what they had previously heard at Olinda, and what they would 
afterwards hear at Rio Janeiro : and so on along the whole sea-board. Hence they 
were Tupi forms of speech as far north as the Island of Marajo, Tupi forms of speech 
as far south as Monte Video, and Tupi forms of speech in all (or nearly all) the 
intervening points of the coast. The fishermen of the Laguna de 16s Patos spoke Tupi. 
The Cahetes of Bahia did the same. So did the Tamoyos of the Bay of Rio Janeiro ; 
and so the Tupinaki, Tupinambi, and Tupinacs— the Tupi Proper. This made the 



Digitized by 



Google 



INDIAN TRIBES OP SOUTH AMERICA. 361 

Tupi paw for the leading language of Brazil ; so long, at least, as Brazil was known 
imperfectly, or along the sea-coast only. 

It was soon, howeyer, noticed that, as a general rule, the Tupi of Brazil was spoken 
to only an inconsiderable distance inland, i, e., until one got to the proTince of San 
Paolo, going southwards. In Goyaz, in the hill-ranges of Pemambuco, Bahia, Porto 
Seguro, &c., came forms of speech which those who spoke the Tupi separated firom 
their own, — ^forms of speech of the barbarians (so to say) of the interior, as opposed to 
the more ciyilized mariners of the coast. The Botocudo, the Canarin, the Coroado, the 
Coropo, the Machacari, the Camacan, the Penhami, the Kiriri, the Sabuja, the Gran, 
the Timbyra, and a vast list of other Brazilian Indians besides, were different from and 
other than the Tupi. But this distinction between the coastmen and the inlanders 
ceases as we go southwards. 

In Entre Eios, Corrientes, and Paraguay, the Tupi tongue was spoken inland ; but 
not under the name of Ihpi. In Entre Rios, Paraguay, &c., the designation was 
Guarani. This gave us a Tupi-GtMrani class of languages, in which it was not very 
incorrect to say that the Tupi were the Guarani of Brazil, and the Guarani the Tupi of 
Paraguay. The cAti?/^ difference was a verbal and nominal one. 

But this was not all. On the watershed between the rivers La Plata and Amazons, 
on the frontier of the Aymara country, and in the Peruvian province of Santa Cruz 
de la Sierra, three other tribes spoke a language more or less Guarani, viz., the 
Chiriguanos, the Sirionos, and the Guarayos. 

Again, on the rivers Napo and Putumayo, and other feeders of the upper Amazons, 
the Omaguas, Cocamas, and Cocamillas were Guarani. And — 

Lastly, all along the main stream of the Amazons we find populations akin to 
the Tupi, Guarani, or Omagua, whichever name we chose to apply. 

Now this Omagua, Guarani, Tupi, or Tupi-Guaroni distribution is eminently 
fiuvtatUey i. e, it follows the lines of the great rivers. Hence the best provisional view 
that we can take, as to the difhision of so important a stock, may be to consider the 
Siriono and Guarayo districts as the original localities. These are common to two 
river-systems ; so that, starting from these, the Omagua and Oocama branch may have 
reached the Amazons, whilst the Guarani reached the Parana and Uruguay rivers. 
Still the view is only provisional. 

. Next to the Peruvian Quichuas and Aymaras, the. Guaranis give us some of the 
most civilized tribes of South America. On the other hand the Mundttieu^ of the 
middle Amazons, can be shown by their language to be Guarani; the Mundrueu serving 
as the very type and standard of savage wildness. When a Mundrueu has slain an 
enemy, he cuts off his head, extracts the brain through the occipital foramen, washes 
the blood away, fills the skull with cotton, and then converts the whole into a kind of 
mummy, by drying it before the fire. The eyes he gouges out, and he fills up the 
orbits with colouring matter. Thus prepared, the head is placed outside his hut. On 
festive occasions it is placed at the top of a spear. Sucli is the history of the head of 
an enemy. . Those, however, of friends and relations are preserved, and kept— though 
with certain differences of detail. Thus, on certain days dedicated to the obsequies and 
memory of the dead, the widow of the deceased takes his skull, seats herself before the 
cabin, and indulges cither in melancholy lamentation, or in fierce encomium— the 
assembled fi-iends meanwhile dancing round her. 

The Chileno-Patagoniaiis.— The name is more expressive than convenient. 
It indicates, however, by its very composition, the magnitude of the group to which it 
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applies. When we get into Chili, we arrire beyond the limits of the Quieltiias and 
Aymaras, and a new family makes its appearance, extending over Chili, orer tiie whole 
of the conntry south of the River Platte,' over the islands of the Chiloe Archipelago and 
Tierra del Fuego. Its divisions comprise (a) the Chileno (or Arancanian) Indians ; (J) lie 
Pampa Indians ; (<?) the Patagonians ; (d) the Fnegians. 





PAatPA GIUL. 



The range of differences, in respect to physical form, is \nde in this group ; the 
range of differences, in respect to the geographical conditions under which they are found, 
being also wide ; e.ff., there arc the Andes of Chili, the level plains of the Pampas, and 
the insular character of the parts about Cape Hem ; not to mention the fact of South 
America extending farther in the direction of the Antarctic Circle than any other part 
of the world. 

The minor divisions, the analogies of the Dioscurian and Oregon groups in Asia and 
North America, are numerous. Thus — 

In contact with different parts of the great Carib area on the drainage of the 
Orinoco and Rio Negro, we have the Maypuri, the Saliva, the Achagua, the Taruma, 
the Ottomaca divisions— all falling into subdivisions. On the Uapes only, a feeder of 
the Rio Negro from the west, Mr. "Wallace, the best guide in these parts, enumerates 
the following tribes : — Queian§.s, Tarianas, AnanSis, Cobeu, Piraiur<i, Pis^, Carapanfi, 
Tapiira, Uaracti, Cohidias, Tucundera, Jacami, Miriti, Om&,uas.* 

• ** Travels on the Amazon and Rio Negro," p. 481. 
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There is notiung here (it may be said) l>nt names. ' Be it/ eo. The wzmber «f them 
shows the extent to which the populations of Soitth America are brdten irp isto 'small 
• sections. Multiply the abore giycn list by the number of rirers in that oontinent, 
aad, large as* would be the result in the way of divisioiis and subdiTisions, it would not 
be an incredible one. 

The famous burial oaT^m of the'Atanripe, near the cataract of the Atores, on the 
thinoco, belongs to a Saliya tribe, now extinct, or amalgamated with some other. It was 
visited, and has been described, by Humboldt. The cavern itself was natural. The number 
of prepared bodies amounted to nearly six hundred, well preserved, regularly arwmged, 
each in a sort of basket, made of the petioles of the palm-tree, and caUcd by the natives 
maptres, in form like bags, and of the size of the body they contained. Some were no more 
than ten inches, others as much as three feet, long ; some held infants, some adults. 
The bodies, more or less bent, were so carefully placed inside them that no rib, none of 
the smaller bones, seemed wanting. The first step in the process of preparation was to 
scrape off the flesh from the bones with sharp stones ; the second to prepare the bones 
themsel'v^s. There were three ways of doing this. One was simply to dry «nd> whiten 
them by exposure to the sun and air ; another was to stain them with amaotto, or the 
bixa arellana ; a third to varnish them with odoriferous" resins. Besides these bags or 
baskets, earthen vases, half-baked, were found in the cavern, containing bones, 
greenish-gray in colour, oval in form, and as nrach as three feet in height and' five in 
length. The handles were made in the shape of crocodiles or serpents, the edges 
bordered with meanders, labyrinths, and real ^rwques^ in straight lines, variously 
combined. 

On another fix)ntier of the great Carib area, in British Guiana, we find, as tribes hitherto 
unplaced, theWapisianas, the Tarumas, and theWaraw ; the latter having always com- 
manded the attention of ethnologists. His occupancy is the Delta of the Orinoco— a 
swamp ; as is a considerable portion of the sea-coast to the south of it. If it were not for 
the straightncss of his hair, theWanrw (writes Sir Robert Schomburgk) might be taken 
for a Kegro. Doubtless he is daik>skinned ; but I do- not imagine that he has the Negro 
lip. His skin is dark, and dirt gives intensity to its natural darkness ; for the Waraw 
is uncleanly even for an Indian. His language is certainly unintelligible to all his 
neighbours ; neither has it been placed in the great Carib class, wide and capacious as 
that class is. Kevertheless it is far from being wholly isolate. It has miscellftneons 
affinities, and plenty of them. But the most notable characteristic of the Waraw is his 
industrial activity as a boat-builder. 'This ftcmishes nearly the whole of Bemerara 
with canoes. They are made either of the (Mrela odorata, or of a tree called Bisi, and 
are sometimes fifty feet long and six feet broad. 

When a suitable tree has been found, the "Waraw builds a hut in its neighbourhood, 
which ho occupies as long as the boat is being built. The floor of the hut must be 
some feet above the level of the ground ; and this is efifectod by selecting a spot where 
the ita-palm grows in thick dusters. This is docked to the requisite height^the root 
and a part of the trunk being left standing. The trunk of the maawca-tree is then cut 
into planks, and made into a floor. Clay is laid on the floor, and a fire kept burning 
on the clay. The Maniearia Mccharifera supplies the thatch. Meanwhile the boat- 
building goes on. By thus elevating the floor of his dwelling, the Waraw escapes the 
floods of the rainy season, which raise the water of the numerous mouths of the Orinoco 
several feet above their banks : Sir B. Schomburgk says three or four, others 'from 
twenty-five to thirty. It is dilferent in different looaHtieB. Baleigh^ame in ooittact 
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with, the Waraws, whom he describes under the name of ThitwaSf adding tliat they 
fall into two divisions—the dawani and the AraweeU ; that '^ they are a goodly people, 
and very valiant -" that " in summer they have houses on the ground as in other places. 
In winter they dwell upon the trees, where they build very artificial towns and 
houses; for between May and September the river of Orinoco riseth thirty foot 
upright, and then these islands are overflowen twenty foot high above the level of the 
ground, saving some few raised grounds in the middle of them ; and for this cause they 
are enforced to live in this manner/' 

The undoubted peculiarities of the Waraws have been exaggerated ; and they have 
been described as men who live in trees — as arboreal varieties of the human species — 
even as arboreal species of the ffenus Itomo. 

In contact with the Quarani come numerous tribes along the Amazons ~ numerous 
tribes between the Guarani and Carib frontiers— numerous tribes of the interior («*. e. 
the fum-Guarani parts) of Brazil. Of the number of these, the following list gives a 
notion. It is one (and an imperfect one) of the Brazilian tribes which are not Guarani, 
Botocudos, Canarins, Goitacas, Machacari, Patachos, Camacans, Malalis, Cacriabas, 
Kiriris, Sabuyas, Cumanachos, Cachinesis, Araris, Chumetos, Pittas, Tactayas, Games, 
Timbiras, Baccahirys, &c., &c. Most of these fall into divisions— many into divisions 
and sub-divisions. 

Between the northern frontier of the Quichuas and the Isthmus of Darien come the 
tribes of New Grenada ; little known, and, to a great degree, extinct. These, like 
those of Brazil, are counted by the dozen or the score. 

Then there are the parts on the eastern, or Bolivian, side of the Andes. 

To Feru belong— the Yuracares, the Mocetcnes, the Tacanas, the Apolistas, the 
Maropas, with divisions and additions. 

To Bolivia belong — 

a. In the Mission of Jfbj;o«— the Muchojeon^s, the Moxos, the Baur^s, the Itonama, 
the Canichana, the Movima, the Cayuvava, the Itenes, the Pacaguara. 

h. In the Mission of the Chiquitos-^ihQ Chiquitos, the Saraveca, the Otuk^s, the 
Covaroca, the Curuminaca, the Ourav^, the Tapii, the Curucancca, the Corabeca, the 
Paioconeca. 

In the district called CJiaeo, on the rivers Pilco-Mayo and Vermcjo, feeders of the 
Biver Platte, we have the greatest amount of independent tribes, chiefly referable to a 
class called Abiponian. To this belong, with others, the Abiponians Proper, the 
Mbocobi and Toba, the Lenguas, *the Payaguas, the Matagayos, the Guacurus, 
perhaps the Charruas, known, at present, only in fragments; whole sections of 
it being either extinct or incorporated. The original divisions, however, were as 
follow :-— 

1. The Charruas Proper ; 2. the Chayos; 3. theChan&s; 4. the Guenoas; 5. the 
Martedanes; 6. the Niboanes; 7. the Yaros; 8. the Minoanes; 9. the Caaiguas; 
10. the Bagaez ; 11. the Tapes. Of these the Chan&s and Niboanes inhabited, at the 
arrival of the Spaniards, the islands of the Uruguay, at the junction of the Bio Negro. 
The Guenoas and Martedanes connected themselves with the Portuguese of the Colonia 
del Sacramiento, and were at enmity with the Yaros and Minoanes. The Chayos are 
the first that disappear from history, probably from having become amalgamated with 
the YaroB. 

The Charruas Proper, fi*om the time of Solis to the year 1831, have lived the life of 
a nation of wairiors, with their hand against every man, and every man's hand against 



Digitized by 



Google 



THE CHARRUAS INDIANS. 



365 



them. XTninteirupted as was their hostility to the Spaniaids, it was equally so against 
the other ab<Nngines ; so much so, that in no case do we find a common alliance against 





CUA&nUA. 



CIIAUUUA. 



the common enemy to hare existed ;— on tlic contrary, the war against the Mamalucos, 
the Tnpi, and the Arachanes, were wars of extermination. And so was the war against 
the Spaniards ; except that the Spaniards were the exterminators. In 1831 the 
President of TJraguay, Rivera, destroyed the Charruas root and branch ; so that at the 
present moment a few enslaved individuals are the only remains of that once terrible 
nation. 

From eighty to one hundred families lived under the direction of a Tubicchd, or 
semi-hereditary chief, and when danger threatened the Tubicchos met and chose 
amongst themselves a leader. Whoever is chosen commands the obedience of the rest 
— ^the election is half council, half feast. Chicha is dnuik; wounds are exhibited; 
exploits are recoxmted ; the most worthy is selected from his peers. After this fires are 
lighted as beacons, and the warriors of tribes meet from all parts. When they can make 
the attack, they do it by night, and at the full moon. 

I believe that this savage semi-heroic character of the Charruas is a fair sample of 
the wilder and more imsubdued Indians of Chili, Patagonia, and the Gran Chaco ; also, 
that it is equally true of the Araucanians as described by ErciUa, and the Pampa 
Indians of Sir E. Head. And what is this but a repetition of the same features which 
we see in the corresponding parts of North America ? Here, when we have got beyond 
the tropics, we find the Algonkin, Sioux, and Iroquois warriors, conterminoiis with, 
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asid;(M the. pceNDi wnket beUoifes) powm^. iato the feebier fiikuiiaT-^lieso latter 
beann^' th& flsnof rdbtioa to. their sontiiiem iie%hboar&. aa. the Fuegiaae^ do* ta the 
northern ones. 

Details could still. banded; but the general distribution of the South American 
population oyer thsur large* a3**vsmall areas has, perhaps, been sufficiently attended to ; 
since Africa, tha south- westcnt. parts of Asia, and such poEtois^of?. Europe as are not 
Turanian, still req^uke^xtotiQeit 

African and . th& soa^^m Bsto e n : ports of Asia will ba-. taken first. lS»t, population 
hereof wiif^siBLbet}iamm^is^mmX9rge class. 

GROUP Vni. — TBMAssam».S(iQCSL—Orffamzatiom Hea^crarelyotliLerihsBi dolikho- 
'kt]^jia£iC ; hairrrarely skxm^bir'^w&jBy with iiRdrndBaJd^rcsident on: their native 
aroa^.blifik; skhfe daids.^ in* certain localities attaining the maximum amount of 
blactoaess. In sash caasfi.ih»hair is crisp, and the Hps thick— i^ e. the? -[^ysiognomy 
is NIgro. — Jjsftgmtfffia^: Ag^tinate. — Area: Africajiinitfit^thislslasd of Madagas- 
car (wh»lly,' or iirpart),i?&» Arabia and parts of Persia and'SjTiai., 

The AxsLxamaauif or populatbns speaking languages alHjsd to .tfai» Arabic and the 
Hebrew, and called Semitip.^ — ^The Arabians, the Syrians, the Jewe, .aad the Ethio- 
pians of Abyssinia, constitute thifl class — a class pxe^eminently chankotedJEed by its 
early ciyilization, and its. monotheistic forms offbelief. From the Jc«% Judaism, ; and 
out of Judaism, Christianity ; from the Arabs, .Mahometanism has arisen : whilst the 
alphabet was either inTeuked or promulgated by the Phenicians. 

"With the Jew the fiiee is massive. "With the Atab of Arabia, in his most (sa*called) 
Caucasian form, tbe ftee is oval j forehead, vaulted ; nose, straight or aquiline ; lips, 
thin, even wheft.tMek-.nd]. promoting; hair, wavy or curled; complesioiv, various 
shades of brown';- liiftbtti. spare;- With the Arab of Africa the colour is:-SQ«etimes 
nearly black, thje fHumO' mow njassive, and limbs more :QiMih^* 

In Abyssinia, the country of the -Ethiopian branch, the transition to the true 
African of Africa is the clearest ; the Amharic and Gafat tribes graduating into the 
Agow, KaffiB^ "Woratta, and Tangaro divisions (based on the affinities of language) of 
the Gonga division. There are also other points of contact, e. g. with the DanaJ{:iJl and 
Galla tdbes. 

The JEgyptians.^— The early civilizaiicm of the valley of the ^ikfwas the civi- 
lization of the ancestors of the present Copts, who are still to be distinguished froxa the 
dominant population of JEgypt, which is Arab. They are Christians rather t^aj^ 
Mahometaxks, and, although their tongue no longer exists aa a spoken lan^^ua^, there is 
the Celtic Uteirature of the Coptic, or JBgyptian, Churchy This gives us in an a1 ];^V»>v^t . 
derived £:om the Greek, the JBgyptian of the Hiexoglyphicsin a form—^modem.as £Qia- 
paredto them, though ancient as compared to the languages of the nineteenth ceutuxy. 

The following is the physiognomy of the modem Copt— t..tf. of the modem r^tre- 
seotative of the iBgyptian of the Pharaonic epoch as opposed to the Arab. Hie haix iis 
black and crisp, or curled; cheek-bones,; projecting; Ups, thick; nose, somewhat 
deprecwed ; nostrils, wide ; complexion varied, froma yellowish to a dark brown ; eyes, 
oblique ;. frame, tall and Heshy ; phynognomy, heavy and inexpressive. 

The AmiaJTg. — The Amazirg group contains the native populations of the desert 
of the Sahara, of the greater part of the country to the north, thereof, and of the 
Canary Islands. Hence it occurs in the oasis of Siwah near the Egyptian frontier, 
in Fezzan^- Tunis, Algeria, and Morocco. The descent of the Amazirg is from the 
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ancient GseteUans, NiunidiBjm% and Mauritamass ; thoir chief diyisions, the Anunonians 
(Siwah Bemg. the ancient Anunoniitm), the Kahaila of the range of Mount Atlas, the 
Tuariks (of the Sahara), and the. Goanches. This last was the. name of the aborigines 
of the Caaaaj Isles, now extinct. 

The Amassirg pc^nladons have always receded before populations more encroaching, 
than. tbemflelYCB>~-at least on their XKkrf^m frontier; e.g, before the Phenicians, 
Greeks, and Mahometan Arahs. 

The mountaineer tribes of the Amazirg^ are- the Kahails; the desert tribes the 
Tuarik< Of these, the social organization is such bs we usually find in similar loca- 
Kties. It is that of the Arab, the Torkv-and the A%han ; where the spirit of pedigree 
and the pride of Mood operate upon the framework of the society, instead of th& pos- 
session of land. or civic, rights. Less like an ocean of arid and inhospitable sand 
than a rocky wilderness, sometimes stretching into vast flats, sometimes roUing out in 
imdulations the Western Sahara, though scantily supplied with vegetation in its less 
favouired .parts, has its oases,, where there are springs of water, date-trees, corn and 
vegetahiee, and shade. These are the occupancies of the more settled tribes, the 
KeUoueeSf who live in villages. To these the Tuarik el hadia stand in opposition ; 
for Tuarik el hadia is the Arabic name of the migratory tribes of the Sahara. The dark 
complexion of more than one of the Tuarik tribes has been noticed, e. g. those of the 
Wadceag are stated, by Mr. Hodgson, to look like Kegroos — so black is their skin, and 
so crisp liheii hair. Yet he suspects no Negro intermixture. 

The Amazizg tongues are often called Berber. From the extent to which they are 
allied to the Hebrew and Arabic, they have also been called ««i-8emitic. 

Tile Nilotic Clasa.— This is provisicmal, and, more or less, artificial. It is 
important, however, because it is the one by which the so-called Semitic and ^6-semitic 
classes. axe conmected with the true African. That aU the populations of the Kile do 
not come under this denomination has been seen — the Egyptians forming a separate 
group, the ^thiopiaii branch of the Aramaeans doing the «ame. So that the group is 
proYisional, and the name other than unexceptionahLe. 

The divisions of this Nilotic class are — 

a. The Ilmorma (GaUa), Somauili, and Afer (Danakil), pastc»:al tribes to the sooth, 
cast, and west of Abyssioia. Colour varying from a deep black to a brownish^-yeUowv 
Stature, tall ; bodies, spare, wiry, and muscular ; frontal profile, vaulted ; nose, o£ten 
straight, or eyen arched; lips, moderate; hair, often hanging, over the neck in long 
twisted plaii8«^. 

h. The Agoiws ; probably the aborigines of western Abyssinia, encroached upon by 
the Ethiopians, occupants of the provinces of Damot, Lasta, and the parts about the* 
Lake m^aaiiea*, 

e. The ' Nubians, of Nubi«b and Dongola, i. e. of the valley of th» Nile, betwe^i 
Egypt aad; Abyssinia. "A long oral countenance," writes KiippeU^ ^^ beantifhlly* 
curved- n<we, somewhat rounded towards the top, proporticHWitely thidc lips, but not 
protruding excessively ; a retreating chin, scanty beard, lively eyes, strongly frizzled 
(but neY&p woolly) hair, rcmadcably beautifuX figures, generally of middle size, and a 
bronze colour, are the- characteristics of the geaHune Dongolawi.'' 

To ihiB diTision the evidenee of language aMacheB the unequivocally Negro tribes 
of Kordoto and Darfur, and, mQie or lessf of .Sennaav. 

d. Tb» Bishari of the desert aad moustaina between the Nile and Bed Sea. These 
arcj probably, either Egyptian or Nubian— so that the class is provisional. 
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The Gralla and Somauli of the parts south of Abyssiiiia lead us to the great 

KafEre Family. — Like the Amazirgs, the KafEres (in the wide and generic sense 
of the word) extend over a vast space, from east to west. Indeed, they stretch all 
across the continent. The coast of Zanzibar is Kaffire ; the valley of the Gaboon 
River, and the parts north of Angola and Loango, are Kaffire. Southwards^ the frontier 
of the Capo Colony is Kaflfre. Hence the Kaflfre area extends from the Cape to the 
Equator ; even beyond the Equator — and that on both sides of Africa. 

From this, however, must be substraoted the area of 

The Hottentot Family. — This means a large district on the western coast, 
south of Benguela, but of undetermined magnitude. How far it extends into the 
interior is uncertain. Its southern limit, however, is the cape Agulhas, i.e. the south- 
ernmost promontory of Africa. The parts east of Walvisch Bay, the parts east of Angra 
Peguena, the drainage of the Orange River, are all Hottentot. Much of the great 
Kalahari Desert is Hottentot. 

The Hottentot stock has a better claim to be considered as forming a second species 
of the genm homo than any other section of mankind. It can be shown, however, that 
the language is no moro diflbrcnt from those of the world in general than they are from 
each other. It has special affinities with the languages north of the Equator, t . e. beyond 
the Kaffi'c area. 

The Hottentot is in stature low, with slight limbs ; colour, more brown or yellow 
than black (that of new-bom children said to be nearly white) ; cheek-bones, pro- 
minent ; nasal profile, depressed ; hair, in tufts rather than equally distributed over 
the head. It is thus described by Barrow : " It does not cover the whole sarfece of the 
scalp, but grows in small tufts, at certain distances from each other, and, when clipped 
short, has the appearance and feel of a hard shoe-brush, except that it is curled and 
twisted into small round lumps, about the size of a marrow-fat pea. When suffeired to 
grow, it hangs on the neck in hard twisted tassels, like a fringe." 

Other peculiarities of organization could be added. It is sufficient, however, to 
repeat the statement previously made, viz., that the differences of speech by no means 
coincide with the differences of form. 

Some fifteen divisions or sub-divisions of the Hottentot family are extinct. There 
are extant, however — <?, the Gonaqua; A, thcEoraqua; 0, the Namaqua ; <f, certain 
populations of the Dammara country ; ^, the Saabs (or Bi^men). 

There now stands the area which is bounded by the southern frontier of the 
Sahara on tho north, by the equator (there or thereabouts) on the south, by the 
Atlantic on the west, and by the water-system of the Nile (there or thereabouts), on 
tho east. 

This is the part where the most Negroes are to be iouvA— -Negro meaning not merely 
those Africans whose skin is black rather than brown, but also those who, along with 
this blacker hue, present the further characteristics of woolly or cottony hair, thick 
lips, and a yellowish sclerotica, with other differences of greater or less, real or sup- 
posed, importance. The extent to which the physiognomy of a given African may be 
Negro is a mere matter of degree, a simple question of more or less. At least such 
is the evidence of language, and such the inference to be drawn from the study of the 
physical conditions of soil and climate under which the more extreme Negro forms arc 
found. Every division, founded on the affinities of language between the two tropics, 
has either a Negro section or a section approaching the Negro— no matter how much 
its other members may bo other than Negro. On the other hand, the most Kegro 
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diyilsioiiB of the whole continent prcsent instances of lighter-coloured varieties ; 
. Taiifities lighter in colour, and in other respects departing, more or less, from the 
Negro type. 

Thus, the Amazirg dass gives us certain darker varieties, e. g, the "Wadreag already 
noticed. 

The Kaffre does the same. On the western coast the change from Negro to Non- 
negro^from black to brown — sets in between Benguela and the Bamara country, to 
the back of Walvisch Bay. On the east it extends further south still— to Inhambane, 
or even below Inhambanfj. 

The Nilotic group gives us Negroes ; t. e, in Sennaar and on the eastern feeders of 
Lake Tshad. 

Abyssinia has its Shankali districts, the Abyssinian name for Slaek. In fact, if we 
take the whole continent of Africa, we may go so far as to say that the Negro physiog- 
nomy is the exception rather than the rule. To verify this, we may ask, What are the 
true Negro districts of Africa ? "Wliat those other than Negro ? To the former belong 
the valleys of the Senegal, the Gambia, the Niger, and the intermediate rivers of the 
coast, parts of Sudania, and parts about Sennaar, Kordofan, and Darf(ir ; to the latter 
the whole coast of the Mediterranean, the Desert, the whole of the Ka&e and Hottentot 
areas south of the line, Abyssinia, the Middle and Lower Nile. Truly this leaves but 
little room for the typical Negro. 

AU the intertropie groups of Africa give m Negroes^ and every Negro group gives m some 

brown J rather titan black, diviaione. Thus : There is the great division of the Fulaha, 

All its members are more brown than black. Some have been designated by the epithet red. 

There are the Nufi. of the old red-sandstone tracts to the back of the delta of the 

Niger. These, also, are brown rather than black. 

There are the Ediya of Fernando Po, which, being one of the few African Isles 
of any size, will be noticed somewhat more in detail. 

"Within four degrees of the equator, and not more than twenty miles from the parts 
about the Cameroons Biver on the mainland, the island of Fernando Po rises boldly and 
abruptly from the sea, primitive and volcanic in respect to its geological structure, 
and ynib. one portion of it which rises to the height of 11,000 feet. This is Clarence 
Peak, the highest part of its chief mountain-range. Of these ranges there are two, 
and Uiey run in a north-easterly direction, breaking the island up into precipices and 
ravines. From these there is a good supply of fresh water ; but in no part of the island 
(and this is the express statement of Mr. Thompson) has there been discovered any alluvial 
deposits. Fog and forest equally contribute to give it a truly insular climate. The billg 
are thickly wooded, even to the higher ranges ; whilst the rainy season lasts from May 
to December. Then comes what is called the " smokes**--a thick fog enveloping the 
island and covering a portion of the sea around it. 

The flora of Fernando Po exhibits several marked differentia to that of the mainland. 
The £&ima does so still more. The human occupants, though referable from the 
endence of their language to a continental origin, are, nevertheless, members of a 
separate division of the family to which they belong. Divided into about fifteen 
different villages, and amounting to, perhaps, as high a number as 15,000 for the whole 
island, the mutually unintelligible languages are, at least, twp. One of these is the 
Ediya, of which we have a sufficient vocabulary. The other is wholly unrepresented. 
We are informed, however, that when the people from Clarence Cove visit one of the vil- 
lages on the south-east, for the sake of purchasing pottery, the trade is carried on by signs. 
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ilgain, in oertexn vOlsges ak>nt West Bay the langiiBge^^is also im&teIHgiUe to an 
JSdrfa ; thougli, wkefker it be sa becaniBe it is ideirtieal -with the farm. c€ speech jaet 
noticed, or because it constitutes by itself a third variety, is uncertain. 

On the other hand, the physioal appearanee of the natives is ike saai&tluwi^liont 
the island. The face is rounder, the nose less expanded, the cheek-bones less liigfay aad 
tiiei lips thsmer than in the tyincal N^ro. The sldn, too, is lighter y andih^ hair longer 
and softer , Still, the general physiognomy is AMcsn. The lower ^Eteemiliss-are diB- 
prepAFtiamtely stout ^ and this makes ^em appear shorter Ikan they rflaUy- ace. 
Exercise on foot, and the habit of sitting with the legs douUed up to the dkin, joe the 
accredited causes of this. The hands and feet are snnll. Copper aad olwe are the 
terms which have been used to denote the colour of the Ediya ; and, as a proof that f^ey 
have not been applied over-lHUBlaly, Captain Botelar ehedcs hinaself &om asanning an 
intetsiixture of white blood to account for it, inasmiu^ as " the features wen all o£ tiie 
same east/' W^ithoot insisting upon the degree of these oHreor oepper tmts, as oppceed 
to Iribu^ I draw attention to the fact of their ooearrence in what we eaB a ki^ island 
of B^piatorial A&ica. 

Does this suggest the role iat the distributicn of &e Negro populations of 
Affiea } If not, let the readw remember Captain Beeohy's observation lespeetmg t2ie 
darker and lighter Polynesians. The ktter ^ccur on the high,, the Ibmer on .1^ low 
islands. 

A Negro %» ^m^ intertropieal Africem m a humid aUmfial hooHty. Haaee no dass- 
named Negro can be strictly ethnological, since the ttaaa. denotes eknents ether than 
those of affiliation and descent. Thus in re^ot to <le»cent, the Ne^Po of SeoBiar Las 
his dosest relations in the way of language, SMmers, «nd blood with the Africans of 
Nubia, Abyssinia, and the parts about his own country. Not ao, however, Jiis 
physieal conformation. These are with ti^ Africims ef Senegaaabi* and Ouinea^-^a fact 
brought about by the common con^tktts of he«t, moisture, and a low 4aca-le^. 

Hcnee, too, the gronp for the remainMg p^puitftbns of Afriea -wM hare no special 
naioe, but sxiBpiy be said to contain-^ 

'Vkm AfttoaiM 0i Hie Hottlwin Txopi«ir— Here, if we begin on. the west 
coast, and'at the south-western extreisaity of the Sahaia, we ha^ stave or less -pF&n- 
sicRially aornmged — 

1. The Wolols, on ihe lower Senegal {Negroes). AHied to tlteae, but with otker 
miaoellflneou» affimties as well, the Sereres^ the Serarwsofii, &c. 

2. The Mandingos {Negroes), with the allied BanibarraBs, Jamaahams, Snaa, Yei, 
Mendi,. Euranko, &c. This large class graduates iBtot one OMLtaming the populatkms, 
speaking lasnguages akin to 

3. ^Die Greboof&e Krumen (N$groes), 2¥et very remote fmOL the Cbreibo class ' 
come the tribes akin to 

4. The Fanti and Ashanti {Negroes) of the Gold Coast. ThcB^ 
Intermediate, transitional, and with miscellaneous affinities, conse — 

a. Between the Gambia and W N. Lat., the Fefaips, Hie F^peb, the Biasft^ 
Islanders, the Bagnon, the Naloo^ the Sapi, ^., Islanders, or occupants of cdhnria st 
the aHotuths of rivers— i^Ti^offf. 

b. Between Cape Palmas and the Gold Ceast^ ^ Arekftm^N^root, 

e. In Bahemey, the Delta of the Niger and tbe eeuntzy to the iidBiior, are f^ 
Whidah, the Ibo, &e,j Ao.-^Nggroes, 

But the Nnfi of the higl^r country taee lag^ter^ocAoused^ as aze t^ Fidaa-jef &e ' 
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waienbed bctvosa ihe Senegal AUd G^mbiay aiMl th& JBdiya of FenumdaPoy m l^aa 
b«ea slrQftd^ slated. 

la tiM direcjfciaa of Lake T^ad, from irest to east, ve Itave the Yebu, thie Susgai, 
the Bau0«ay:aDd Bersiti laaguagps, aU apokok bj j^^agrocs, or {q^roaekeft to ihe Nagro ; 
and, o& tbe iabad «f Lake Teluid^ the Biddaauw. Soutii of it, the Beghanni ; and 
south of the Beghasmv th^Mandara. To iheaertb of Boimu lie the Tibhus of theDesert ; 
to the south of the Mandaia, the Kerdi, with which our notices in this direetioiL end. The 
Seidi bel<HLg to a^wilder and more micrantaiikear populalioii than any hithevto enumerated. 
**0& paneteating," writes Deahaia, *^a abort distance in ^s dnrectioa, with some 
people from Maadaia, we saw the inhabitants run vip the moiuilaina quite naked, with 
ape-like agility. On another oceasion, a eoaa^any oi savages were sent itom. a Kerdy, , 
or Pagan Tillage, termed SEmgow, as a peaee-offering, to defNrecate the Sultan, who 
was on tiie eve oimtkiaf^ a ki^uipping esq^ectitioa into their country. On entering his 
palace they threw l^emaeiTaa upen the ground, pouring sand upon their heads, and 
uttering the most pileovs exiea. On their beads, whidi weire ooyered with long, woolly, 
oriather brial^y hair, oaming qjulte OTer their eyes, they wei:e a C2qi» of the skin of a 
goat ot soane annual like a fois ; xoond their arms and in tbeii^ ears wese rings of what 
appeared to b» brae, and around the neoks of each wese from gob to six strings of the 
teeth of the enemies they had. slain ia battle ^ teeth and pieces of boae were also p^ident 
iemL the ckited locks of their hair ;. their bodies were manked in different fdacea with 
red patches, and their teeth were stained of thet same ccdour. Their whole appearance 
is laid to have been slankiBgly wild and truly saTEage. Endef^ours to set on loot inter- 
course with them were in vain. They would hold no communicatioin ; but haring 
obtained lewre, they earned aff the carcass of a horse to the mountains, where the fires 
thai Uased dursag the nighty and the savage yells which reached the valley, prored 
that they w«re edbbsating their Imttal feast.'' 

Saat of Lake Tedbad.the 2feg;ro tribes belongs according to the ^ridenoe of laoqguage, 
to the Nilotic division. 

The G«niga class behntging to Enarea; and a lasge tract aonth of Abyssiata is, 
pcobaMy, on the n^rthem fiRmtaer of the Ka&e area. With the Kerdi and Googa 
distCMte the Urra incQgmit» b^ginB. 

GROUP IX. — The EujBWPEAN Group.— P%«M^o#»y ; Caucasiaain the wider and more 
kieonvenient sense of the term. — Languages : Either unplaced, or Indo-European 
(so-called). — Area : "Western, Central, and Southern Europe.— IHVwtow* : A 1. The 
Basks ; B 2. Th^ Skipitar ; C 3. The Kelts; D 4. The Greeks and Latins ; 5. The 
Sarmatiana; 6. The Germans. 

The three divisions marked D are easily, conveniently, aad accurately looked on as 
aeetioDs of some higher dmcmiaaticB!— qaecies (so to say) of a gefvus. To this^ most 
writers add the Kelts ; some the Albanians. AU ex^ude the Basks. The naaoe of this 
hi^er class, wben it is limited to the divisions imdor B, is IxiAtn-'Oenntmie ; when 
extended to D aaul C as w^, Imiib^Etirepean, The presott writer objects to it isi ; 
either foim ; hcidingit to be a word as enoneons and ineonvenieskt as Cktueaiiun in the \ 
wide sense oftJte term. Each, however, keeps its place, and each must be used> however j 
m^t iitt use. 

European ethBolQgy bean much the saiM relation to the ethnolc^ of Uie other 
parts of the world that maeroseopie anatomy does to descriptive. The main laets, . 
les^ceti^ the phymcal and mental ehaeacter of each papahitians aa the Giedi, Latia^, ; 
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Gennan, Sec., are known to us from history. Hence the more minute questions of 
intermixture, ciyilizational influences, shades of national character, and the like, con- 
stitute the department of the European inyestigator. This will make the notices of the 
European classes brief; their civil history being supposed to supply their chamctcsr* 
istics, and that history (in its generalities, at least) being supposed to be known. 

The most unfixed of the European divisions, though probably not very far remoi^d 
&bm the Kelts, are • 

The Baaks. — In the Spanish province of Biscay, and in the more mountainous 
parts of Navarre and Gascony, we find the Bosks, a population whose language has the 
same relation to the Spanish and Portuguese as the Welsh has to the English. It is the 
remains of the ancient language of the whole country. 

Considering its mountain locality, and its position at the north-western extremity of 
the country, on the one hand, and the undeniably recent origin of' the present Spanish 
and Portuguese, on the other, this is no more than is expected d priori. 

Further proof, however, has been supplied by the researches of ethnographical 
philologists, most especially by those of W. von Humboldt. In an elaborate essay, first 
published in Yater's Appendix to the Mithridates, that writer analyzes the names of the 
ancient Spanish rivers, mountains, and tribes, and shows that, whenever they have a 
meaning at aU, that meaning is to be found in the Bask. 

He shows more, vi2. that not only Spain and Portugal, but that the Aquitanian 
province of Southern Gaul was Bask as well; in other words, that the present 
language of Bilbao and Navarre was extended southwards, and that of Les Bassea 
Pyrenees northwards. . • . , | 

Like the Skipitars, the Basks have yet to be definitely and satisfactorily placed. { 
The native name is JBusealdunae. In speaking of the ancient tongue of the Spanish ' 
peninsula, it is convenient to call it Iberio or Iberian, In both Spain and Portugal 
the blood is more Bask thaii the speech ; the affinities of the latter being with the ' 
Latin, the effect of the Boman invasion of Sispania, | 

Skipitavs. — ^This is the native name of the populations of Albania ; strongly- 
contrasted in language, less so in physiognomy and habits, with the Greeks, Turks, and 
Slavonians around them. The Skipitars have yet to be definitely and satis&ctorily 
placed. 

Kelts. — ^In Ireland, in the Highlands of Scotland, and in the Isle of Man, we 
have Kelts of the Gaelic, in Wales and Brittany, Kelts of the British, branch. In 
Cornwall the ancient British language is extinct In England the blood is more or 
less Keltic, with Anglo-Saxon modifications. In France it is Keltic with Roman. The 
language in the former case is German, in the latter Latin, as to its affinities. In both, 
however, the blood is, probably, more Keltic than the speech. 

The Popnlationa speaking the Oveek and btin Iiangnages, and the 
L an g ua ges derived therefiron. — Italian Branch. — This contains the ancient 
Bomans and the other populations of Central Italy. The conquests of Bome extended 
the language of this branch over Graul, the Spanish peninsula, the Grisons, and the 
Danubian Principalities ; in all of which countries the tongue is more Boman than 
theblood. 

Sellenie Braneh.^TbiB contains the Greeks, ancient and modem ; the latter with, 
an undoubtedly, the former with a probably, large amount of mixed blood : for the 
present writer derives even the ancient Greeks from Southern Italy, believing them to 
have been as little indigenous to the soil of Hellas as the A3:^le8 were to that of' 
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England. On no other hypothesis can he reconcile the affinities between the Latin and 
Greek langoages with the differences between the Greek and Skipitor, the Greek and 
Dalmatian, the Greek and all the forms of speech interjacent to the northern frontier of 
the Hellenic and Italian areas. If the chain of affinity extended across the districts to 
the north of the Adriatic^ the languages for these parts should be either Greek or Latin, 
or else transitional to the two — ^which they are not. 

Saimatlan. — This stock falls into two divisions, the Lithuanian and the Slayonic. 
' The area of the former is Lithuania and Courland, with parts of Liyonia and East 
Prussia ; of the latter, Eussia, Poland, Gallicia, part of Lusatia, Bohemia, Morayia, part 
of Hungary, Servia, and lUyria. In Poland and Bohemia the stock \a^ perhaps, the 
purest. In Eussia there is much Ugrian ; in Bulgaria, Turk ; in Germany, German, 
intermixture. 

Ocmuukis. — ^This means all the populations whose languages are akin to the 
German. In detail, it means the populations of Germany, Holland, England (and by 
extension the United States, Canada, Australia, &c.), Denmark, Norway, Sweden, the 
Fert)e Isles, and Iceland. 

The Dutch province of Friesland gives us the German stock in its greatest purity, 
•*. e, freedom from foreign intermixture. Eastwards it becomes more or less Slavonic ; 
westwards, more or less Keltic. 

The element Indo, in the compoimd term Jn^fo-European, must have suggested the 
question, What have the Greek, Latin, German, Slavonic, and Lithuanic languages to 
do with India ? The answer to this is, that a language, in which the learning of ancient 
India is embodied, a language called the Sanskrit, is so like the tongues in question, 
especially the Lithuanic, as to come in the same dass. No one doubts this. But how 
do we connect this Indian member with the European ones ? By deducing the latter 
from Asia, or by deducing the former from Europe ? So generally has the former of 
these alternatives been adopted, that the present writer knows no one except himself 
who is committed to the doctrine of the European origin of the Sanskrit. His reasons 
he has given elsewhere {Taciti Germaniay with Ethnological Notes, and Ethnology of 
Europe). Hence in the map, illustrative of the present paper, no notice is token of 
the supposed Eastern origin of the so-caUed Indo-Europcans; a conquest on the parts 
of certain Sarmatians of certain parts of Asia from Europe, being considered just 
as likely a fact as the undoubted conquest of European Hungary by certain Ugrians 
from A^ia. 

. The doctrine that deduces the languages of Eussia, Germany, Italy, Greece, &c., 
from India, deduces the present languages of India and Persia from the Sanskrit. In 
those, however, of the former country the grammatical structure is TamuUan ; whereas 
in those of the latter there is next to no grammatical structure at all. Now, if the 
Sanskrit affiliation bo true, this absence of inflections in the Persian is explained — ^the 
Sanskrit being highly inflectional. If the Sanskrit affiliation be true, the Persian 
dialects are iminflectional, because inflections once existent have been lost. 

On the other hand the Dioscurian affinities lead to the notion that flexion in the 
Persian has yet to be developed. This the present writer believes to be the case. At 
the same time the question is full of complexities, and requires not only the present 
remarks, but those on the Persian and Dioscurian groups, to make even its general 
bearings intelligible. 

With the group to which the Germans, the Sarmatians, the Greeks, and Latins 
belongs, ends the classification of the ** Varieties of the Hmnan Species," the main 
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ol]jeet of the sei^noe of Btfmokgtf. It hat dseady ibeei ateM i&at H k oneof reeent 
origm. As sucb, it hss heeu in die faaiub of but f««r iBfuiran. Lstita look at its oi^;i& 

: and liistory . Its oiigia is, t»^ a eextnn esteK^ twofold. Bt befpea widi'dw zoologiiitH, 
audit filio bcgttn widi tbe i&veetigKtora of Iioguaf*e^eaaii lookiog at. it esusfauinly 
fixHn his oim point of riew. Thus botii the Sy^em €f 2M9re ^ lionvcn, aad tin 
Natural History of Buffon, works of piire aoidjepeczai zoologjr, ti^oeo^oisaaee of aiazL 
— of m«M a« im mUmtd, And ihoy take >eogiiizaii£9 of bim in two ways-^dSnty in^ie^ect 
to his relation to the inferior animab; seeondEy, in ueapcotto the dilfeieikt mirietkt «f 
the humtm spteiea. This distinetioii gBows clearer as we pioceed, aad, by the time ve 
approach the epoch of Blumenbaoh and Ouirier) the whole of tEbe seientific nomandk- 
ture sho^s its reality and importanoe. Blmoenbach, for mstaaoe, diiiides manldiid 
into the Mongolian, the Caucasian, the American, the African, and Malay Ttoiedes; 
and these he considers in their relatioDS to em^ other, without much trnnhlii^ liiimiilf 
as to Ihe eharacteiistios by whieh they wer^ eaok aad all, distingiaished from &e 
high« apes. Cuyier, on the other hand, aftor throwiiig the «pts aad tBODkeys into one 
order, Quadrumana (/our-handed), falling into genera and speeiea, makes Ifea &e < 
repiesentatiT-e of another — ^Bimatta (^e^-handed) ; of which there is but a ^i^ ^eeies 
of a single ffenus", thoogh, np€» this poimt, otiier. natursiists h«v« tbo«|^t dfftsteotly. 
Now the erect posture, the greater volume of the brain, the &culty of speech wi6i its 
correspondiiig orgamzatton, the perfect mechfiaakm of the haad, &c.— -points that aH the 
Bimana have in ooaaomon with each o&er^are, at the same time^ chaiactefifilica- which 
dislingmsh them from the Qaadsiuuaiia. And these aire poitfte, not of JStAi»hp^, bat 
of the <dos^y allied science of Atkropoldfy ^froia-the(jrreek w«rd Anthroposatman). 

Ethnology deals with the differoices between ik& diS&XiUt varieties cffmmJkuid; 
Anthrop^hgy, with the differesice between man and the lower animals. The extent to 
which a human being differs from Hha higher Quadrumana i& a qnestiim of AtUhro- 
pdogy; the extent to which a white man diflSers from a Negro, obe of Bthrnhgy, Sadi 
is the rdation of Ethnology to wm of its afiied seienees— a rdation tlut we best 
understand by taking a naturtUisfs^ rather than a historian' Sy view of tlie sabjeet. 

But the nationiisf 8 view is not sufiSeient of itself. The xmportaBce of sach a «tiidy 
as Ethnology to the civil (as opposed to ^ nssturtU) historian is transpaa^enl3y endsnt. 
On the other hand, a certain amovEot of hastoiical knoiriedge is -essential to Ethnoi^y ; 
as essential as a certain amount ai geoyraphiedl. 

Geography is the basis of Ethnology, because it is the primary business of the 
ethnologist to oompaxe »um with the earth he lives «m. 5e must do tiiis, in order to see 
whether certain of 1^ vaiie<ies of mankind may not agree with certain physical can- 
ditioBS of the sarfaee of the terrestrial ^be. He k»»ws enowgh of oor kind to know 
that the differences between the dififorent divisions are very conffldwable ; for, miless we 
kaow ^ifi, the distinetion between a Negro and a white man, between a gipsy and 
natnre Engiishmoa, have been lost upon him. And he also knows raaoagh of the earth 
on which we dwdl, to know that the diffarenees of dimate, sea-level, vegetable pro- 
dnetions, and the phenomena of animal life, are, atieaet, as great as those between the 
most extreme varieties of our speeies. Unless he do -this, he has read ahont rivers 
and mountains, islands and continents, deserts and forests, north-poles and south-poles, 
oqtaitors and okcles, to no pwpose. All this, however, is kxrown— this, and more 

: than this. Every one knows not only that there are such men and women as Negroes 
and Whites, and that there are such things as warm and cold dimatses, bnt also Aat, 
as a yetter^l nOe, ^e Negro oomes from a hot, the White from a temperate country. 
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To }q&ov tibis leade to 1lii» a^isiaaioift^t o«tai& ^«iefil di^r^i«iw, og^mioeted with 
the 0arth'« surfieef^ «sereise «. cerUin aoioiint of uifacnee u{x»i the iiaxQjaa oT^aaadzAtioix ; 
thoiig^ w2%th@r it b& grdftt or Wiiiei(ih«r it be «ma^, wfastlM]; it be aaSkkent or in>^ 
suffieieat to aeeoimt loir ail tke TorittMa of ow: speeies^ is another qiiidatios. Ooe 
thing alone i» oextata — ym^^ &«t l^teare is aomgthmff in soil, climftte^ and niitrititssu 

But physical influences are not enough. When Hiuoholdt semarks ibiEUt m savxtge 
ixationa ihere is but littile^iffeiseiiee hstfireeaindiviebiiaL pSiysiognoifiues, a series of m^ral 
agftoeiea m suggested, and. tihe eaEtoat to wbieh.ei^rihzaiion n»y nodify foim has to 
be ooQsidered. The oonjioint stia^y of these injSuenees ama^Uxtvi a branch of our 
setenee urbich may be oaJUsd Etimobgicttl Dy^aamm^ m the doeftrlxie of efhacd^gifial 
influences. The fii-st volume of Prichard's great work is devoted to sftusi In the ]^x)- 
sent shfitch, the notice .of the ph^ieel.cimditicas under "tn^ch a given popuLatiojx is 
found, is incorporated with the more pisopexly des(^:^tive part of ^e tsea^et Still 
the divisien of ottr aeitnoe thus deei^aj^cd should be boixLo ui mind. 

Let us now ask the ntoftmn^ of a wood, fli»t suggested by Br. Whew^ in his 
Sistory of the Inductive Sciences, and derived from the Greek words po^nos (^^x^tmeient), 
and mioit^Mt {3= tJie doctrim ofezisttjmy—peUmniohgp, 

In c^taiB judicial inquiries, writes Mr. Mill, * when we proceed upon circuntstasitiai 
evidence, " we can conclude that a man was murdered, although it is not proved by 
the te8tim<»y of eye^^tnessea l^t a man who bad the iseteotion of murdering him 
was preaeat on Ihe spot. It is ^M»Tigh if no other known icaiise could have generaibed 
the effects shown to have been produced.'* This is to infer the cause from the effect:; 
or, to ta ar(fm frtm tjf^ to cattee^to 9gff» backwards. In this way the geolc^ist 
argues ; in this way the aidMidogbt argues ; in this way the ei^incdogi^t argues ; aaid, 
because the result of their argmneaite is tiie reconsbJiictiQii of aa earii^ state of things out 
of a newer, ihcir metboi i» .^/eisewiafti^ai, and their several (Sfipmti&enta agree with 
eadi oiAer is beiongmg to pakBoniolefff^y*-^- long word but a oonTememt one^ and One 
pretty gen6n^y^adofiled^*-hy gecflogists ai least But this r^juliion of ethnology to 
geology has already been noticed ;t so that the way is now paved for ihe ^aUowing eoD>f 
eluding ajpophthegms, respecting the science before us, its relations, its method, and 
its object. 

GENERAL APOPnTHEGMS. 

I. — The natural history of man is chiefly divided between two subjects, anthropo- 
logy and ethnology. 

II. — ^Anthropology determines the relations of man to the other mammalia. 

III. — ^Ethnology, the relations of the different varieties of mankind to each other. 

IV. — Anthropology is more immediately connected with zoology ; ethnology with 
history. 

V. — ^Whilst history represents the actions of men as determined by moralj ethno- 
logy ascertains the effects of physical influences. 

VI. — History collects its facts from testimony, and ethnology does the same ; but 
ethnology deals with problems upon which history is silent, by arguing backwards, from 
effect to cause. 

VII. — This throws the arena of the ethnologist into an earlier period of the world's 
history than that of the proper historian. 

Vlll.-^It is the method of arguing from effect to cause which gives to ethnology its 
• " System of Logic," vol. ii. p. 27. + See page 807. 
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aeientijic^ in opposition to its literary^ aspect ; placing it, thereby, in the same category 
with geology, as a palseontological science. Hence it is the science of a method— a 
method by which inference does the work of testimony. Furthermore, ethnology is 
history in respect to its results ; geology, in respect to its method. And in the same 
way tiiat geology has its zoological, physiological, and such other aspects as constitute 
it a mixed science, ethnology has them also. 

IX. — ^The chief ethnological problems are those connected with — 1. the unity ; 2. 
the geographical origin ; 3. the antiquity ; 4. the future destination upon earth of man. 

X. — ^Ethnological facts are physical or moral— /^A^^eVa/, as when we determine a 
class &om the colour of the skin ; moraly as when we determine one from the purity 
or impurity of the habits. 

XI. — Moral characteristics are either philological (»*. e» connected with the lan- 
guage), or non-philological (i. e. not so connected). 

XII. — A protoplast is an organized individual, capable (either singly or as one 
of a pair) of propagating indiyiduals; itself haying been propagated by no such 
previous individual or pair. 

XIII. — Hence — a species is a class of individuals, each of which is hypothetically 
considered to be the descendant of the same protoplast, or of the same pair of proto- 
plasts. 

XIY.T-A vdrieiy is a class of individuals, each belonging to the same species, but 
each differing from other Individuals of the species in points wherein they agree amongst 
each other. 

XV. — ^A race is a class of individuals concerning which there are doubts as to whether 
they constitute a separate species, or a variety of a recognised one. 

In the preceding pages no such word as race is used ; this being the case bscause 
the writer believes that all the Varieties of Man are referable to a single species. 
Holding no doubts on this point, he makes no use of the term. Good writers, however, 
have occasionally defined Ethnology as the Science of Maeea : for this the present anthor 
would substitute Science of Varieties. 
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Abiponlans, Independent tribes of the, 362. 

Abyssinia, rarious races of, 367. 

Aoonstic capsnlo (Gr. akouo to hear, and Lat. 

eapMula a little cover), 104. 
AcrSdus (Gr. akroM extreme, and odouM a tooth), 

osteodentlne of the, 2/3. 
Adam's apple, the laryngal prombienco, called the 

thyroid cartilage, 121, 123. 
.Egyptians, race of the, 364. 
Aftr tribes of Aflrica, 365. 
Africa, the different races of. 364 et acq. 
Africans of the northern tropics, 3G8. 
Agow tribes of Africa, 365. 
AIno, the. a tribe of the Asiatic Peninsular stock, 

3-25, 326. 
Air, sonnd not merely a vibration of, 116. 
Air-tubes In man, 74 ; In birds, 76. 
Alb&tross, cranial development of the, 261. 
Albumen (Lat. albut white), properties of, 45. 
AlgSbra (Arab, al the, and gabron reduction 

of fhu;tions), operations of. 7> 
Algonkln tribes of Xorth America, 351, 353. 
Albnentary fkmctlons, 69, 70, 71. 
AUsphenoid bone of the python's skull, 193. 
Alkfilles (Arabic al the, and kali the glass \rort 

plant), properties of the, 3. 
Amazbg races of Africa, 365. 
Amazon river, various Indian tribes of the, 362. 
American groups of populations, 349, 350; the 

Eskimos, the Athabaskans, the Algonklns. &c., 

351; the Iriquois, 352; various Indian tribes of 

South America, 359 et teq, 
Amphiooelian type of vertebrae (Gr. amphi both, 

and koilo$ concave), 202. 
Amphinesianpopulationsof the Oceanlcgronp. 342. 
Amphitlma. batrachian, (Gr. amphi about, and 

hjfmen a membrane), skeleton and limbs of 

the. 242, 243. 
Anapoph^sls (Gr. ana backwards, and apophy- 

ti* springing firom), 169, 
Anamese, tribe of the, 309, 310. 
Anarrhicas lupus (Gr. the wolf-fish), teeth of the, 

271. 272. 
Andftman Islands, population of the, 310. 
** Angler," teeth of the fish so called, 2/1 . 
Animal economy, bnportance of the blood in the, 6 1 . 



Animal kingdom, composed of materials found on 
the earth's crust. 31. 

Animal life, on the physiology of, 33 et *eq. 

Animals distinguished from plants. 35 ; locomotion 
of, 87 et »eq. ; senses of, 97 et *eq. ; smell of, 
97; sight of, 99; hearing of, 103; their taste, 
105 ; tlieir touch. 106 ; their instinctive powers, 
112; original substance of, 161; extinct races of, 
263. 

Animals and plants, an agreement existing be- 
tween, 34. 

AnnolVdu (Lat. annul us a little rin;;). respira- 
tion in the, 78. 

Anoplotherium (Gr. anoploa unarmed, and the- 
rion a beast), teeth of the. 296. 

Ant-eaters, teeth of the, 268 ; edentulous roam, 
raals, 278. 

Antennn of insects, 107. 

Anthropotomist (Gr. anfAropo* a man, and tome 
dissection). 211. 

AntibrachTal bones (Gr. anti against, and bra- 
ehia arms), 258. 

Ape. larynx and voice of the, 142, 143; skeleton 
of the, 255, 256; dentition of the, 298. 

Apodal (Gr. a and podet wanting feet), 198. 

Aponeurotic (Gr. apo from, and neuron a nerve), 
membranes so called, 163. 

ArachnTdians (Gr. arachue a spider), respira- 
tion In, 77. 

Arachnoid membrane (Gr. araehne and eidoM 
cobweb-form), the serous membrane of the 
brain, 54. 

AramsBans, various races of, in Africa, 364. 

ArchStype of the human skeleton, modifications 
of the, 258 et *eq, 

Arecuna Indians of S. America, 358. 

Areolar tissue (Lat. areola a little l)cd), position 
and functions of the, 51 ; distribution of the, 52. 

Arithmetic (Gr. arithmoM number), trutlis of. 
self-evident, 7. 

Arm, bones of the, 49. 

Armadillo, laryngal organs of the. 140; dermal 
bones of the, 165; teeth of the, 278. 

Armenians, geographical position of the, 335. 

Arru Isles, population of Uie, 348 ; their charac- 
teristics, 348, 349. 

ArticiUar, the Ixme, of fishes, 178. 
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Artiodact^la (Gr. artios in even number, and 
dactylo9 finger), family of the, 242 ; dentition 
of the, 300. 

Ass, larynx and voice of the, 141 . 

Assam, mountain tribes of, 312, 314. 

^VstragJUus (Lat.the ankle-bone). 218; of the hind 
foot in quadrupeds, 243, 244. 

Alaruipe, burial cavern ioftke^ 361. 

At61e8(Gr. a^e/e* Imperfect), denUtion of the, 300. 

Athabaskan population of America, 351. 

Atlas and axis vertebrae of the crocodile, 201.- 

Attacapa Indians, language of the, 364. 

Attraction of matter, laws of, 13. 

Australia, native population of, 344. 

Australian skull, facial angle of the, 262. 



B!alance, principles of the, 11. 

BalBna (Lat. a whale), teeth of the, 278. 

B«Ustes(Gr. baHo» speckled), dentine of the, 272 

Barbarism of the East, 312. 

Barracada fish, formidable dentition of the, 273. 

BasloccIpTtal of the python (Or. basis the base, 
and Lat. occiput back of the head), 192. 

Baslsphenoid bone of the python's skuH (Gr. basis 
the base, and sphen and eidos wedge-shaped), 1 93 

Bask population of France, Spain,and Portugal ,370. 

Bat, skeleton of the, 249. 

Batrachia (Gr. batracJws a frog ; circulation of 
the blood in tlie, 64 ; skeleton of the, \^ et seq. 
(see Frog). 

Bats, flight of, 94. 

Bayanos Indians, of Central America, 357. 

Bears, acute smell in, 98. 

Bee, respiration hi the, 77, 78 ; eyes of the, 100 ; 
hamming of the, 152; thoracic sjrtracle of the, 
152. 

Blcuspls (Lat. bis twice, and cuspis a point), 
shape of the molars, 298, 299. 

BQe (Lat. bilis choler), analysis of the, 71 : its 
uses, 72. 

Billechula Indians of N*. America, 355. 

Birds, respiration in, 75, 76 ; progress and deve- 
lopment of incubation In the eggs of, 82, 83 ; 
locomotion of, 93; smell in, 98; eyes of, 102; 
ears of, 105; their sense of touch, I OS ; larynx 
and voice of, 143 et seq. 149; composition of 
their bones, 162; skeleton of. 219 et seq.; wing 
bones of,222; pelvis and leg bones of,224; structure 
of the foot In, 225 ; mechanism of flight in, 226. 

Blshair tribes of Africa, 366. 

Blackbird, song of the, 148. 

Blackfoot Indians of K. America, 355. 

Blood, formation and circulation of the, 37. 61 ; 
red corpuscles of the, in man and different ani- 
mals, 54, 56, 57, 58 : eflfects of drawing, 56 ; 
inflammatory crust of the, ib.; small proportion 
offlbrinein, 56; albumen in the, 56; its cor- 
puscles colourless. 58 ; salts of tlie, 59 ; its 



waste and repair, 69; its importance in the 
animal economy, 61; renovation of tlie, 67 ; its 
sources of renovation, 68; dally addition to the, 
71 ; its purification, 72. 

Blue-bottle S^, suckers of the, 89 ; thoracic spi- 
racle of the, 152. 

Boa-constrictor, skull of the, 194 ; jaws of the, 
193 { section of iti dnUl, 198. 

Body, waste and repair of the, 59. 

Bolivia, numerous Indian tribes of, 362. 

Bones, on thd formation and composition of the, 
161 et seq.i of tlio vertebrate anbnals, 162; 
their chemical composition, 163 ; matter of, va- 
riously disposed, ib.i theblaatejna ajod cartUag«. 
of, 165, 166; the primitive basis of, 165 ; the 
growth of, 166 ; structure of,in different classes 
of animals, 167 ; names of different cells, ib. 
(see Skeleton) ; of the arm, 49 ; of the fish, . 
173 et seq. ; of the head, general and special 
names of, 1/9 ; classification of the, 180. 

BonYto, teeth of the, 2/0. 

Botany (Gr. botane a plant), utility oii 21. 

Bothriolepis (Gr. bothrion a hollow pit, and 
lepis a scale), plicidentlne of the. 27.3. 

Bottle-nose cetacean, teetli of the* 278. 

Bradypus trldactylns (Gr. bradus slow, and pons 
afoot; tria three, and cfaAr/^/ot fingers), bones 
of the, 246. 

Brahmins, religion of India, 340. 

Brain, the upper or anterior division of the great 
trunk of the nervous system, 17O. 

Branchial arches (Gr. branchia the gills), 179. 

Branchiostggal rays (Gr. branchia the gills, ajid 
Lat. t ego to cover), 177, 181. 

Brazil, nuijaerous Indian tribes in the interior of, 
362. 

Bromine (CLr. bromos fetid), elements of, 43. 

Bruta, order of their numerous tecthy 2/8; denlU 
Uonofthe, 295. 

Buddhism, the religion jof the Mongolians, 318 ; 
the religion of India, 340. 

Bullfinch, song of the, 148. 

Burmese, characteristics of th€(,S13; colour of 
the, 311. 

C 

Cachalot, teeth of the, 278. 

Caddo Indians of Texas, 353. 

Calc&ncum bone, or calcaneal processes (Lat. 

ca/jr, or calcaneum, the heel), 218, 224, 225 ; 

of the hind foot in animals, 243, 244. 
Calcification of the dental process, 291, 292. 
Calcium C^t. cala chalk), gencial prevalence 

of, 44. 
California, population of, 3^1. 
Camel, ita laryngeal organs, 141. 
Canary, song of the, 149. 
Canines (i;<at. canis a dog), of tbe Caxniyora, • 

281; of the horse, 281. 
Capucln monkey, dentltioo 40f the, 3U0. 



Digitized by 



Google 



HTBEX. 



37^ 



Carapace (Gr. karabo* a crab) of tbe turtlci* 

214. 
Carbon (Lat. carb» coiU), elements and proper^ 

tteof,i2. 
CaFbOQie acid, its traumutatiens. 87. 
G^ib Indians of S« America, 357 ; various tribes 

of. 360. 
Carniv5ra (Lat. caro flesh, and voro to devour), 

the larynx and voices of the, 142 ; teeth of the, 

281. 
CamivOroos mammalia, skeleton of the, ^0. 
Carpal hones of the cod-fish (Gr. karpos the 

wrist), 1/5, 1/6; of the .crocodile, 211 ; in man, 

258. 
Caselne (Lat. caseug cheese), proper ties .of, 45. 
Cat, larynx and voice of the. U2. 
Cutawba tribes of Carolina, 353. 
Caudal vertebra (Lat.«auda the tail), modmcar 

tionsofthe, 182, 2t)4. 
Caucasian races, 326 etteq.; physical conforma- 
tion and languages of the, 329, 331 ; theClroos- 

8laus,.332. 
Cebus (Gr. kcbut a species of monkey), dentition 

of the, 300. 
CcU&lar substance of animals, 161 ., 
Cement of the teeth, 266. 
Centrum (Gr. heutron « centre), the centre bono 

of the vertebra. 168. 171, 1/2; of the parietal 

vertebra, called Sktitphenoidt 17-6 ; called 

preaphenoid, 177* 
Cephal5pods (Gr. kephale a head, and pod«8 

feet), respiration in. 77* 
CcratOhyal (Gr. keras a horn» and imalet f lass), 

177. I8t. 
CercopithScas (Gr. kerkoa a tail* and pilkes 

an ape), skeleton of the, ^6&» 
Cestrftdon (Or. kestron a dart), osteodentiae 

of the. 273. 
Cet&cea, or G^aoianc (Or. k€te a whale), voice 

of the, 149 ; limbs of the, 227 • skeleton of Ube. 

228. 
Cetloiaarns (Or. k^ie a «4ial«, and sattra a 

lizard), vitrtsiunB of the, 2ie. 
Chaco Indians of S. America, 362. 
ChiBtMoift» (Or. ehaiU a bristto, and odo» 

a tooth), teeth of the, 270. 
Chafflnob* ssng of the, 148. 
Changs Indians of S. America, 352. 
Charruas Indians of S. America, 362; their savage 

eharactcri6tic8,.363; destcDyed by the Spaniards,! &. 
Chayos Indians of $4. America, 362. 363. 
Chelonian rdptSes <Gf. ehtione a tovtoise), oste- 
ology •of4he, 203 ff tcf. (see Tv>ii'X»fSK') ; qms- 

tSoataig Kjrgtam of the, 274. 
Chemicd naiaM possesses no indhiduafity. UJ- 
Chemistry <Arab. kinria the occnlt art, or Or. 

ehymoa fermented juice or pulp). «nlMd«<*lve 

sctaaoevS, IS ; relntiOH of krt to, 16. 
Chemroosyan Indians of N. America, 8fi4. 



Cbcyang, rsee ofthe, 313. 

Cherokees, of N. America, 353. 

Chest and luass* eonstitiiteA Auuieai beliows, 119. 

Chileno Indians of 3. Autttos, 366. 

Chim«ndds (Gr. ehinuBTa a monster, and eidos 
resenldaBee), onssadeutfaift of the, 273. 

Chknpaazee, lajrynx and voiee of the, 143; era- 
nial development of the, 261,295; deatitioaof 
the, 298. 

Chinese, features tmd habits of the, 309, 314^ ; dla* 
lectsofthe, 315. 

Chinak Indians of X. Amerieiw 351 . 

Cliipawyan iBdifins of Ajnedca. 351. 

Cliiquito Indians of S. America, 3ti& 

Cbhisiisno Indians of 3. Ameritta, 359. 

Choctas, of N. America, 353. 

Chloiine<Gr. chUtr^t green), elemaits and i^x)- 
pertiesof, 42. 

Cholic add, 72. 

Cholos tsibes of Central America, 357. 

CbMkdrfaie (Gr. chondrot a cartilage), propor- 
tios of, 46. 

Chyle (Or. ekyio* juice), diffeimt fieora idood or 
l^mph, £0 ; renovation of tiie blood by, 67 • com- 
parative qoantitios of chyle and ficccs, 68 ; ves- 
sels of, 37. 

Chyme (Or. chymot imsy palp), 36. 

Clcftda) {Lfiii. cieada a grasshopper), musloai 
sounds of the. 151. 

Circassians, hmguage of the. 330, 331 . 

Cirde, area of the, defined, 5 ; its ^eometiicid 
properties, 6. 

Cisculatian of the hlood. 61 £t »eq. 

Cithcrrnaj (Gr. cithara a harp), teetli of the, 270. 

Ci^Usatien, a mental mauiiiestatiou, 307 ; of the 
East, 312. 

ClavYcles (Lat. clavxM a key), 200. 

Coal-iidd, stratified view of a,. 22. 

Cobra, skeleton of the, 1^. 

Cochhi-Chinese, fiaatttoes «Bd habits of the, 30S!, 
3M. 

Cod-fish, bones of the, 173 et 9eq. ; its skull, 174i; 
its oooipitol vert^m, 176. 

CondiifSreus moQuaes (Let. tomehm a -aliett, and 
fero to bear), respiration in, 77. 

Ctmdf krid cavity (Gr. kondylot a pretaberaace, 
and eidoa resemblance'), 224 ; in birds, 225. 

Confident {laX. confluent flowing together), 176. 

Connate (Lat. eon and natua bom together), 1/6. 

Consciousness, (Lat. ewm and Mdentia with self- 
knowledge), wide sigaifleation of. 199. 

Consonants, aonniis of, 137. 

Contractility, the property of a oiuseular fibre, 49. 

Copts, raeeof the, 364. 

Coraeoid bone {Gx.korax and eidos crow-like),175 

Coreans, a tritra of the Asiatic Peninsular stock; 
325, 326. 

Cottoids (Gr. kotu a head, and etrftfs Ksem- 
blnncr). osteodentineofthe, JQES* 
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Cotyloid caylty ((^. kotj^le a drinklnj-cap, and 
eidot resemblance), 224. 

Crab, its shell a skeleton, 50 ; red oorpogdetf of its 
blood, 57 ; its locomotion, 89. 

Cranial arches (Lat. cranium the skull), 204. 

Cranium {Qr. kranion ilw sXuU^, application of 
the term, 181 ; its progressive expansion in Tari- 
ons animals, 961 . 

Cray-flsh, eyeofthe, 104. 

Creek Indians of N. America, 353. 

Crickets, sounds produced by, 151 . 

Orico-arytenoidei postid (Gr. krikoi a rlnar, ary- 
taina and e/</o«lad]eHshaped, and Lat. pottieut 
behind), a mnsde of the larynx, 123. 

Crico-ar}'tenoidei lateralis (see ante)^ a muscle of 
the larynx, 123. 

Crico-thyroidci (Gr. krikot a ring, thyros a fold- 
ing door, and eidos resemblance), a muscle of 
the larynx, 123. 

Crocodile, larynx and voice of the. 150 ; osteology 
of the, 203 et seq ; skeleton of the, 2;il, 209 ; ver- 
tebrse of the, 201 ; vertcbr.'o of extinct species, 
201, 202; its skull. 204 et teq.i its skeleton, 
200; its limbs, 210. 211 ; pelvis and hind-limb 
of the, 212; its cranial development. 261 ; its 
teeth, 2/7. 

CrucifSraj (Lat. crux a cross, and/pro to bear), 
one of the great families of pLwts, 21 ; its edible 
properties, ib. 

Crustaceans (Lat. crntta a shell), circulation of 
the blood in, 65 ; smeUof, 97. 

Crostftoeous animals, respiration in, 77' 

Ctenudus (Gr. odous a tooth), osteodcntine of 
the, 273. 

Cuboldes bone (Gr. kuboM a cnbe, and eidoa re- 
semblance), 218 ; cuboid of the hind foot in ani- 
mals,243, 244. 

Cuckoo, voice of the, 150. 

Cumanch population of Mexico, 354. 

Cnneiforme, one of the carpal bones, 258. 

CorviUnear magnitudes, measure of by rectili- 
near, 6. 

CutUe-flsh, circulation of Mood in the, 66 ; its 
wonderfhl powers of leapim;, 06 ; eyes of the, 
99 ; its sense of hearing, 103. 

Cuvier, Baron, his contempt for metaphysical 
theorizing, 260. 



Daho-Dfami Indians of America, 351. 

Daonrian Tunguslons, tribes ot the, .^20. 

Death, caused by the cessation of any one of the 

vital functions, 38. 
Deity, omnipotence and benevolence of the, 32, 96, 

112. 
Dendrodentine (Gr. dendron a tree, and Lat. den$ 

a tooth), in fishes, 273. 
Dendr6das (Gr. dendron a tree, and odous a 

tooth), dendrodentine of the, 273. 



Dental systems (see Teeth). 

Dentary, the, 178. 

Dentinal tissues of the teeth, 265. 

Dentine (Lat. dent a tooth), the tissne forming 
the body of the tootii, 26 i ; first modification 
of, 26.^ ; disposition of the, 268 ; modificati<nis 
of, hi various genera of fishes, 272, 273 ; of the 
elephant, 291. 

Dentition (see Txctr). 

Dcrmo-skeleton (Gr. derma the skin, andskele* 
ton). 163 ; of the rtorsreon, !64 ; of the armaifillo, 
&c., 165 ; chief developments of the, 171 ; the 
cranial bones, the supratemporals, tho superorU- 
tals, tho subcrbitals, the lacrj-mai, and the latd- 
als. 181. I 

Dialects of the East. 314. 315. 

Diamond, known by its angular form, 19. j 

Diapoph^ses (Gr. dia across apo ttom, and ' 
phutii growth), bones of the vertebra, 168 I 
et seq. teepe ; of parietal vertebra called mas- 
toid bone, 176. I 

Diastema of the horse (Gr. dia between, and . 
igtemi to stond) , 235. ' 

DicynOdon loccrticeps (Gr. di two. knon dog. and | 
odout a tooth, and Lat. taeerta a lizard), skoll 
and teeth of the, 276. 

Dicynfidonts (Gr see ante), dentition of the, 2/6. 

Digestion, process of, 67. i 

Disestive apparatus of man, 3^. 

Diodon (Gr. di» double, and odoua a tooth), 271. 
272. ' 

Diseases, pestilential, 156. 

Diver, tarso-metatarse of the, 225. 

Dog, mucous membrane of the, 69 ; cranial deve- 
lopment of the. 261. 

Dog-rib Indians of America. 351 . 

Dogs, *' hitellectual noses " of, 93. 

Dolphin, teeth of the, 278. 

Dorachos, ancient Inhabitants of the* 356 ; ex- 
tinct, 357. 

Doves, voices of the, 150. 

Duck, wild, bill and tongue of the, lOS; skelelon 
of the, 222 ; quill feathers of the, 823. i 

Dugong, skeleton of the, 229. ' 

Dumbness, origin of, 115 ; cansed by tli» absence , 
of hearing, 139. 

DuodSnum (Lat. duodeni twelve), a species of 
second stomach, 36, 71 • | 



Ear, use of Its external appendages, 105. 

East, civilisation and barbarism of Ibe, 312; 

mountain tribes of tho, ib.; dialects of the, 314 ; 

primary divisions of the races of the, 316. 
Ectocalcaneal (Or. ektot out of, and culcaneum 

the heel), 225. 
Ectocar6tid canal (Or. ekto out of, and k*r9» 

stupor), 235. 
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Ectocondjfloid snrTace (Or. ektot out of, and 
kondyloi a protrabcraacc), 225. 

EctocaneYform (Gr. ektos out of, and Lat. cuneut 
a wedge), 236 ; of the lilnd foot in animals, 243, 
244. 

Ectomctatarse (Gr. ektoM out of, met a over, and 
tar sot the palm of the hand or foot), 225. 

EctocnBmial ridge (Gr. ektot out of, and kneme 
the knee), 224. 

Ectopterj^gold (Gr. ektot sixth, pteryx a wing, 
and eidot likeness), angle of the, 191, 195 et 
tcq. tape, 

Edaph^onta (Gr. dapto to tear, and odout a 
tooth), dental masses of the, 274. 

Edentata (Lat. edent eating), skeletons of the, 
227: dentition of the, 295. 

Education, object and effects of, 23 ; delusion de- 
stroyed thereby, 24 ; what kind should be pro- 
vided, 26 ; on tlie proper direction of, 28 ; tlie 
controller of thought, 1 14. 

Eel, nerve-tnbes of the, 51; progress and develop- 
ment of incubation in the, 82, 83. 

Electric science (Gr. electrum amber), purely 
inductive, )5. 

Elements of organic niiture, 39 et teq. 

Elephant (Or. elephat ivorj), its larynx and 
voice, 142; its tarsal bones, 243, 244 ; dentition 
of the, 268, 269, 2/8, 301; its skull and teeth, 
285; its tusks and molars, 286 et teq. 

Emotion, physiology of, 110. 

Enamel of the teeth, 266; of the elephant's tooth, 
291. 

Endoskeleton (Gr. endot and tkeletot the inner 
skeleton), 212. 

Entocalcftneal process (Gr. entot within, and 
Lat. calcaneum the heel), 225. 

Entocond^lold cavity (Gr. entot witliln, condylot 
a prolruborance, and cidos resemblance), 225. 

Entometatoise (Gr. entot within, met a over, and 
tar tot the palm of the hand or foot), 225. 

Entopterj^goids (Gr. entot within, and ptery- 
goidot wing-like), 179, 235. 

Entostcmum (Gr. entot within, and tternon the 
breast-bone), 216. 

Epapopbj^sis (Gr. epi above, and apophytit 
springing from), 15U. 

Eplcnemial ridge (Gr. epi upon, and kneme the 
knee), 224. 

Epidermoid system (Gr. epi upon, and dermot 
the skin), 222. 

Epiglottis (Gr. epi and glotta on the tongue), 
ftmctionofthe, 124, 125. 

Epiphjrses (Or. epi and phuo growing upon), the 
oasifled ends of bones, 166. 

Epistemal (Gr. epi and tternon on the breast- 
bone). 216. 

Epistemnm (Gr. ut ante),2\Q; of the erocodile,210. 

Epitymp4nic bone (Gr. epi and tympanon on the 
drum), 177. 



Error, observation often a source of, when not 

directed by knowledge, 26, 27. 
Errors, popular, 24. 
Eskimo population of Amenca, 350, 352. 

ETHNOLOGY (Gr. ethnot a nation, and iogot 
a discourse), general treatise on, 305 et teq.; 
varieties of the human species, 306; physical 
structure of different races, 307: physiognomy 
and language, 308; features and habits of the 
Cochin-Chinese, 309; the Cochin-Chinese and 
the Mincope, 300 ; texture and colour of hair in 
different races, 311; dvilisation and barbarism 
of the East, 312 ; the various Hindu and Tartar 
races, 313 ; table of Eastern dialects, 314; vari- 
ous dialects of the East, 315 : primary divisions 
of the Eastern races, 316; the Mongolians, 316 
et teq.i the Tunguaians, 319; the Turks, 321; 
the Ugrlan races, 322-324; the Majiars of Hun- 
gary and the Yoguls, 323 ; the Asiatic Peninsular 
stock, 325 ; the Koriak and Caucasian tribes, .326 ; 
the great Caucasian families, 327, 328 ; physical 
conformation of the Caucatiians, 329 ; the Cau- 
casian languages, 329 et teq.; the Circassian 
language, 332, 333; the Mizhdzhedzhi, the 
IrOn, and the Georgian populations, 334; the 
Pendan stock, 335; the Kafir population, 336; 
the IvDiAN stock, 340 ; the Ocsamic group, 
341 ; Protonesian branch of the Amphinesians, 
342 ; the Micronosians, the Polynesians, and the 
Malegani of Madagascar, 343; the Pi4)nan8, 
Australians, and Taimanians, 344; the Fee- 
jeeans, 346; the Semangs and Jokongs, 347; 
the Ami Lilanders, 34S ; the AMsniCANS, 349 ; 
the Eskimo population, 351 ; the Athabaskan 
races, 351; the Algonkin tribes, 351, 352; the 
Iroquois tribes, 352; the Sioux, the Woccoas, 
the Catawbas, the Cherokees, the Choctas, the 
Creek Indians, and the Caddos, 353; the Pa- 
dttcas and their numerous tribes, 354-356; the 
<2uichua, 357; the Caribs and the Guarani, 
358; the^Chilino Indians, and the Patagonians, 
360; the Waran Indians, 361 ; races of Peiu, 
Bolivia, and Chaco, 362; Indians of the interior 
of Brazil, Peru, and Bolivia, the Chiqultos, the 
Chacos, the Ablponlans, &c., 362; the Afbican 
stock, the Arameans, and tiie Egj'ptians, 364 ; 
the Amazurg and the liilotic class, 365; the 
Kafifres and the Hottentots, 366 ; the Abyssinians 
and the Ifegroes, 367; tho Africans of the nor- 
thern tropics, 368: the Europe ak group, 369; 
the Basks and the Kelts, 370; the Italian and 
the Hellenic populations, ib.; the Sarmatiaus 
and the Germans, 371; the Sanskrit language of 
India, ib, 

Ethnogrftphy (Gr. ethnot a nation, and graphe 
a description), 305, 306. (See above.) 

Europe, the different races of, 369 et teq, 

European skull, fiicial angle of the, 262. 
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£u«ttlcUaii proee8» (teacUng fipom tUe pharjmx to 
the tympanuoi, so called from £ustaduus the 
discoverer), 236. 

Ex-ocdpltids of the pj-thon (Lat. ex froia, aal 
occiput the back of the head), 192. 

" £xhaii0tLoQ8." method of, &. 

£ju)slcelet(»i (Gr.ejr aod tkeletoi the outer skele- 
ton), 212. 

Kyes of different animate, 99 et teq . 



F&be»» (Lat. a little bean) of the slotli. 246. 

Facial angle, reiKeseirtatioas of the, in yaoious 
animals, £61; of the AastraUan and the Euro- 
pean, 262. 

FsBoes (Lat. /^JTr the dregs ef ai^'tbii^), propor- 
tion of discfaargped, 67^ 

Fat, a oaastifbuenC of organic bodies, 47; different 
from adipose tissue, A3; extemdvely dlffluscd 
thnwg^ the anima) kiitgdom, t6. 

Fee)eeaBS, eharacteitslies of the, 34&, 346. 

Fcunr (Lat. the thigh-bone) of the croeodike, 212. 

FenuuKk) Po, pbjraical charactariotiesof, 867. 

Fibre, muscular, on the coafcractimi of» 48^ 49. 

Fibrinc (Lai. Jibra, hair-lake sprouts), properties 
of, 45 ; pseportion of, in blood, 56. 

Fii»oini nervoss matter,, 20, M. 

YfMU ilA^.JirhuU the kaser bone of the leg) of 
the crocodile, 212 ; of tho rio£h, 246. 

lliMiKiitoufl textore of the aiunxal system, 48. 

Finlanders, a tribe Of the XTgiiao- stock, 324. 

Fhis of flahes, their locomotire power, 90, 91 ; 
stmctioe of the, 183; the yeotcal, 186; general 
action of the, ib. 

Fii-st Cause, on the, 80 ; natiual evidence of a, 
32. 

Fishes, drculalion of the blood in, 64 ; respiration 
in, 76; locomoticii of. 90; leaping Qf» 96 ; acute 
staeH iD«'98 ; ores of, 100, 101; no tears la. 1U2 ; 
their sense of hearing, 104— of taste, 105— of 
touch, 107 ; extreme degree of heat the/ can 
bear,, ib. ; sounds uttered by, 151 ; ' coniposttion 
of tlieir bones, 162 ; vertebra of, 172; skeleton 
of, •*« ei teq.; the first forms of vertebrate life, 
180; anangenneut of bones in their heads, ib.; 
modificaitions of the jaws of, 181 ; their caudal 
vertebrje, 182 ; modifications of ilie fin-rays of, 
183; eateologieal stroctaro of their heads, ib.; 
adaptation of then* skull and skeleton to aquatic 
Hfc, 184, 1S5 ; action of their fins, 186 ; their 
dental system^ 269 ; shedding and renewal of the 
teeth in, 274. 

Fleas, tlioir wonderful power of leaping, 9S. 

Fhcs, locomotion of, 89. 

Fluorine (LaU/^tto to flow), elemeotaof, 43. 

Flying lizard, vertebrae of the, 199. 

Foetus (Lat./orf9 to bring forth young), circtda- 
tion of the4>lood in Ute, 62. 



Food, the various functions era|iIoyed:in. its distri- 
bution tlirough the animal system,36,37; touis- 
mutation of into chyle and faces, 6Ji changes 
which It undergoes, 71* 

Foot, distinct bones of the, in differeat mammalia, 
243,. 244 ; law of simplication of the, 244. 

Foramina {Lat, foramen an opening), 193. 

Forces, doctrine of, 10. 

Frog, red corpuscles of its blood, i8 ; croaking of 
the, 150; slideton of the, 187* 189, 190; meta- 
morphosis of its skeleton, 188 ; of its. skull, 189. 

Frontal segment, or vertebrae, 177- 

Frontals (Lat. from the firont) of the pyth<»*s 
skuU, 193. 

Fuegians of S. America, 360. 

Furculum bone (Lat, fur ca a fork). 221. 

Function, general use of the term in pliysiology, 33. 

Functions, vegetative and animal, 36 : of repro- 
duction, 38 : table of in man,. 39. 

Funera!s of the Mongolians, 318. 

O 

Galcopethocus (Gr. gale a weasel, and pilhikot 

a monkey), teeth of ihe, 300. 
Ganoid (Gr. gano* brightness), a term applied to 

the scales of certain fishes, 164. 
Gaster5pods (Gr. gatter the belly,. and podes 

feet), resi)iration in, 77* 
Gastric juice (Gr. gasler the stomach), 36; 

changes which it efieets in the stomach, 71 • 
Gel&tine (Lat. gel4f to congeal), elements and 

properties of, 46. 
GeolQgy (Gr. ge and logo* a discourse on the 

eaith), lessons taught by, 22. 
Geometry (Gr. ge and metron the roeasoring of 

land), demonstrative principles of, 3, 4. 
Georgian language, 330. 
Georgian population, 334. 
German races and their languages. 370. 
Germination of seeds {IM. germiuo to bud), 

process of, 85. 
Gibbons, larynx and voice of the, 143. 
Qinglymoid condyle (Gr. gingiymos and eid»s 

hmjie-like), 178. 
Gkaffe, skeleton of the, 236 ; bony structure of Us 

head, 238. 
Glaucus (Lat. glaucus sea green), locomotion of 

the, 89. 
GlobCUitie (Lat. g/o&u« aball), principles of, 46. 
GlossShyal (Gr. glossa the tongue, and hjfoid 

the bone like the Greek letter up silo n), 181. 
Glottis (Gr. glotta the tongue), 123 ; on the use 

of the term, 125; the scat of the himfian voice, 

125, 126. 
Glutei (Lat. the buttocks), 251. 
Glyptodons (Gr. glupho to engrave, and odout 

a tooth) of S . America, 165, 
GOlMoids (Lat. g^bio a gudgeon, and C;r. tidu 

resemblance), cstecdontuic of the, 173. 



Digitized by 



Google 



INIHBS. 



SS3 



God, ftn infinite, intd^ent Power, 39. 

Goldfinch, songoftho, 149. 

GoaiOdonts (Gr. gonia an angle, and odeu* a 

tooth), teeth of the, 27&. 
Goose, skeleton of the, 222 ; qfsBl fcothcrs of the, 

223. 
Gorilla, dentition of the, 2»3. 
Gouaqua tribe of Africa. 366. 
Grasses, the great fikinily of, 21 . 
Grasshoppers, their wondeeful iy>wer of Ici^ng, 93; 

mnsical sounds of the, 15-1 . 
Gravi^', law of, (fiscovered by o4)servadoii,, 12. 
Grinders of the elefdiant, 289 et aeq. 
Gryllotalpa (Gr. grilliao to gnmt, aodLat. ialpa. 

a mole), bones of the, 264. 
Guarani Indians of S. Amorica,358-; their lan^iuigc. 

359 ; different tribes of the, ih . 
Ooenoas Indians of S. Aa>erica, ;362. 
Gam, general prevaieoce and use of, 47. 



Haemal arch (Gr. haima blood), of the vertebra, 
168, 177 ; of the occipital vertebra of the cod- 
fish, 175 ; called thehyoidean arch, 177. 

Haemal arches of the skoll— the scapular, thehyoi- 
dean, the mandibalar* .and the maxillary* 180 ; 
diverging appendages of the— tho^peetonU, the 
branchi-ostegal, the opercular* and tJie ptery- 
goid, 180. 

Hii&mal spine of parietal vertebra, its divi^ons— 
basihyal, glossohyal, and mrohyal, 177> 

Hsemapophyses (Gr. haima blood, and apaphysis 
springing from), bones of the vertebra, 168 et 
seq. tape, 

HaemopophJ^sis of the parietal vertebra, its divl- 
slons—epihyal and ceiatobyal, 177' 

Uaidah I udians o£ N. America, 3&4, 

Hailtaa Indians of N. Araeriea, 355. 

Hair, texture and colour of, among the different 
races of mankind, 311. 

Hallux (Lat. the great toe), 221. 

Hare Indians of America, 3^1. 

Harpyia Pallasii (Gr. harpazo to seize, and 
Pallas the goddess Minerva), wings of the, 94. 

Head, bones of the, 1/9; and their classification, 
179, 180; structareofthe, in fishes, 183. 

Health, imporiint precepts supplied byphysiolog}* 
for the maintenance of, 157* 

Hearing, sense of, in various animals, 103^ 104 ; 
absence of, the cause of dumbness, 139; organ of, 
171 ; in the cod-fish, 176 ; the petrosal and the 
otosteal of the cod-fish, 176, 177. 

Heart, anatomy of the, 63 ; its mechanism, 61. 

Heights, inaccesaible, first rude mcasorement of, 
8, 9 ; application of trigonometry to, 9. 

Hellenic races, and their languages, 370. 

Hematoslne (Gr. haima blood), principle of, 46. 

Himalaya, mountain tribes of the, 312, 313. 

Tlindostan, mountain tribes of, 313. 



Hippopotamus (<3r. kipp»* a hvrao, and pviamo* 
ariver),skeIieton of the, 240; UiKal boiies of 
the, 243, 244. 

Hipparlc acid (Gr. k$pj}&9 ahwese, snd-Lat. ur/»a 
nrine), i^perties of, 47. 

H«g,its loryBx and voice, 142 ; ostoelogy of tiie, 
241 ; dentition of the, 3U2. 

Holoptychius (Gi. holos emirc, and ptjfehat a 
fold), plicideiitine of the, 273. 

Hoofed beasts, even-toed, osteological eharaeters 
of, 241. 

Hoofed quadrupeds, skeletons of, 232. 

Horiibill. enormous beak of the, 167. 

Horny matter, varieties of, 46. 

Horse, its larj-ngeal orgasoB, 141; skeleton oi the 
232 ; its vertebral formiiia, 233 ; it»tanai benes, 
243, 244 ; inkasor tooth of the, 267; Iwrljtw>»06s 
dentition of the, 283 i its npv«r aad k>wer moiars, 
281 ; development and auccession of teeth in 
the, 285. 

Hottentotrace of Mrica, 366 ; IthekehMnactetfistK-s, 
ib, ; various tribes oi the, ib. 

Human species, varieties of tke, 30& et teq. ^scc 

ETSHOLOav). 

Humaa teeth, homologies of the, 303. 
Hangarians, a tribe of Ugrfain stock, 322, 323 
Hyaena, dentition of the, 281 ; strength of his 

jaw, ib. 
Hyb5dus (Gr. hj^bos bamp«backed» and »doua 

a tooth), osteodentineof the, 77S. 
Hydra virldis (Gr. kydor water, and Lot. viriiis 

green), locomotion of the, 87. 
HydrOgen gas {hy49r water, ami genmao tagene- 

rate), experiment of bcopiiii^ with oxygen gas, 

16; propcrtkss of , 42. 
Hydromys (Gr. hydor water, and m«« a moaee), 

278. 
Hyoidfan arch (Gr. u-tidos Hke the letter U), 

the name of a hsemal arch, 177, ISl. 
Hyostemal (Gr. hyo, and iternon the breast 

bone), 216. , 

Hypapophysis (Gr. hypo below, and apophysis 

springing from ), 1 69 . 
HyperoOdon (Gr.hyprr above, and odous a tooth;, 

dentition of the. 278. 
Hypotenuse (Gr. hypo under, aiJd ieino to subtend 

an angle), mathematical properties of the. 3. 
Hypoetemal (Gr, hypo under, and stemon the 

hreast-bone), 216. 
Hypot3'mpanic bone (Gr. hypo and tympanon 

under the drum), 178. 
Hyrax (Gr. hyrax the rock rabbit), dentition of 

the, 301. 



Ichthyosaurus (Qr. ieh^mt % fish, and »nm¥« a 

Hzard ) . vertebrae of the, 202. 
Icosandnms pUmts (Gr. eik^ti twenty, auL«ncr 

a man), then: edible propeitiea, 21. 
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Igutlna. osteology of the, 199, 200. 

lijuaniklon (iguana a sauriaa reptile, aniodouM 
a tooth), dentition of the, 27&. 

Iliac bones (Lat. ilia the flanks), 217. 

Incisor tooth, rai^nifled section of the, 264. 

Incisors (Lat. inccedo to cut in), of the carnivora, 
281. 

Incubation (Lat . incubo to dt upon), progress of, 
iuthe<^S, 82, 83. 

India, different races of, 312, 313 ; populations of, 
340; languages and religion of, ib. ; languages 
derived from, 3/2. 

Indian races of the American group, 349 et seq. 

Induction, abuse of the term, 25, 26. 

Industrial education, importance of, ^6, 27. 

Inert matter distinguished from oiganic, 34. 

lufero-branchluta (Lat. inferus beneath, mid 
hranchite the gills), respiration in the, 77* 

Infusoria (Lat. infusui infused), microscopic ani- 
malcula, 87. 

Inquiry, natural to man, 159. 

Insects, circulation of the blood in, 66 ; respiration 
in, 77; locomotion of, 89 ; then- action in leap- 
ing, 96 ; smell of, 97 ; eyes of, KiO ; their sense 
of hearing, 103 ; their sense of touch, 106 ; an- 
tennas of, 107 ; on the buzzing produced by, 151, 
152. 

Instinct, powers of, 111, 112. 

Iiitercondf'loid tract (Lat. inter between, and Gr. 
kondylot a protuberance), 225. 

ludioe (Gr. iodeg resembling a violet), elements 
of, 42. 

Ischium (Gr. ischi* the lumbar region), 217. 

Iroquois tribes of N. America. 352, 353. 

Iron, its important offices in organic nature, 45. 

Irdu language of tlie Caucasus, 330. 

Iron population, 334. 

Italian races of Europe, and their languages, 370. 

Ivoiy, supplied from the discovered tusks of the 
mammoth, 2S6 ; mnsket-balis often found in, ib. 



Jacchns (Gr. iacho to cry aloud), dentition of the, 
300. 

Jackdaw, voice of the, 149. 

Japanese, a tribe of the Asiatic reniusular stock, 
325, 326. 

Jaws of fishes, modlAcatious of tlie, 181 ; of the 
boa constrictor, 195. 

Jay, voice of the, 149. 

Jokongs, characteristics of the, 347; their lan- 
guage, ib. 



KahaOs, race of the, in Africa, 365. 

Kafir population of Asia, 3.36 ; thefar religion, 337 * 

customs and characteristics of ttie, 337, 338. 
Kaffire race of Africa, 366« 



KamsK&dales, a tribe of the Asiatic Fondn^ilar 
stock, 325. 

Kangftroo, its action in leaping, 95 ; its laxynx 
and voice, 142 ; skeleton of the, 253. 

Kelanonesian population, 344. 

Kelts, races of tlie, 370. 

Keuay Indians of Cook's Inlet, 351 . 

Kestrel, voice of the, 149. 

Kiatka, the frontier town of Mongolia, 316. 

Kidneys, structure and functions of tlie, 78, 79. 

Kitunoha tribe of X. America, 355. 

Knowledge, on the nature and uses of tlie great 
departments of, 1 ; first rudiments of, 2 ; promi- 
nent groups of. 2 ; arrangement of, 23 ; uses of, 
ib, ; not to be sought in speculation, 159. 

Kolucli tribes of K. America, 354. 

Koraqua tribe of Africa, 366. 

Koriaks, a tribe of the Asiatic Peninsular stock, 
325, 326 ; a general name for various Asiatic 
tribes, 326. 

Krcatine (Gr. kreag flesh), elements and proper- 
tics of, 46. 



Labroids (Gr. librot voracious, and eidos ap- 
pearance), dentine cf the. 272. 

Labyrinthodpnts (Gr. labyrinthos a labyrinth, 
and odous a tooth), a singular variety of extinct 
Batrachians, 267; teeth of the, ib. 

Lacrirmals (Lat. lacrymee tears), 194. 

Lacteal vessels (Lat. milk), functions cf Uic, 36, 
68, 69. 

Lamelliform teetli of fishes (Lat. lamina a tliin 
plate, and forma shape), 271. 

Lancelet-flsh, skeletal framework of the, 16S. 

Language, a mental manifestation, 307 ; structure 
of, among different races, 308 ; monosj'llabic 
forms of, in tlie East, 313 ; of the Caacasiau 
races, 330, 331 ; of the Circassians, 332, 333. 

Languages, origin and progress of, 135 ; of the 
East, 314, 315 ; of the Oceanic tiibes, 347, 348. 

Lark, song of the, 147. 

Larynx (Gr. larynx a whistle), anatomical struc- 
ture of the, 119; basement ring of the, 120, 121; 
chhik of tlie. 123; muscles of tiic, 123, 124; 
different tlicories respecting tlie, 126; experi- 
ments on tlie, 127, 128; of the ruminants and 
pachydermata, 141; of buxls, 143 et scq. 

Leaping of different animals, 95, 96. 

Leech, locomotion of the, 89. 

Lemurlfdaj (Lat. lemur a hobgoblin), teeth of the, 
300. 

Lemurs, teeth of, 3U0. 

LepidosTren(Gr./ej9i«ascale,and siren a water- 
nj-mph), ostcodentine of the, 273. 

Lepidosteus (Gr. lepis and osteon bony-scaled), 
a fish of the Ohio, 164. 

Leptobrandiii (Or. leptos slender, and branchos 
the throat), order of the, 269. 
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hmiiuu^USbtottbei SS4. 

life, tho vlkytko$l and elMiBlcia chugw wfaieh 

MfflWiifM inyt. S6* 
Lignine (L«t. Ugnum wood), pntperttet of, 47. 
Umbo of udinafai, mture qf, 842 ; of tiio protop» 

tenia, <6.: of tiw sloth, S46, 24?i of tbe batn^ 

obiMM,ia7. 
Linnet, aong of the, 149. 
Uoo, iaiyu and Toiee of the. 14S ; ikeleton of the, 

860-2fti { Us jaws Md toeth, 8S0» 281 ^ 
Uqoor aangoiids (LaI, tbo aaagwftroiM fluid), M. 
UthophjhM (Or. Utkot m atooe, and phuton m 

plant), the food of the Scari, 273. 
XiTor, on the ttnictare and ftinotioM of the, 73. 
Uxarda, locomotion of, 92 ; laryttx and Toloe of, IM ; 

ostoolocjr of* 198, 199 ; dwital ejBtem of, 275. 
Lobster, its flheU a akeieton, 60; drcnlalionof Uood 

in the, 65; loooinolion of the, 89; its aense of 

smell, 97. 
Locomotion of diflRerent animals, 87 et $eq. 
Logarithms (Gr. logos and arithmoi a discoarae 

on numbers), great ntlUty of, 7* 
Logyeihead. a species of turtle so called, 214. 
Lolo, moantain tribes of, 315. 
Lophioid fishes (Or. lopkot a emst or uane, and 

eidoo lessmMance), 185. 
Lophios (Or. lophot a crart), denthie of the, 272 : 

pUddeodneoffhe, 273. 
Louchenx Indians of^iLmeilca, 351 
Lumbar Tertebm (Lat. lumbut the haxk), 203. 
Lnntn (Lat. one of the carpal bones), 258. 
Lunes (Lat. luna the crescent moon) of Bippo- 

cmtes, 5. 
Langs, mechanism of the, 61 ; stmcfcure and Amo- 
tions of the, 74. 
Z^noQph (Lat. lympha pure water), its property 

and uses, 60; probable origin of the, 67. 



2facr5pus cleans, or kangaroo (6r. makroa long, 
and pou« a foot), skeleton of the, 253. 

Kacosl Indians of America, 369, 360. 

Kagn^tism (Or. mugneo a magnet), science of, 
15; properties of, 44. 

ICagnitnde, mathematica] illustrations of, 5. 

Magnitudes, currUinear, measurement of by recti- 
Unear,6. 

Magnom (Lat. nukgnuo great), one of the carpal 
bones), 258. 

Kagpie, voice of tbe, 149. 

Hilars of Hungary, a tribe of the Ugrians, 322. 

Halaooa, ethnography of , 341. 

Halay population, 342. 

Malegasi population of Madagascar, 343. 

Malpighlan bodies of the kidney, 79. 

Mammalia, Mammals, or Mammiferous animals 
(Lat. fnamma a teat), locomotion of, 93 ; the 
kidneys in, 78 ; smdl in, 98 ; auditory apparatus 



of the, 105; sense of tonefa in, 108; their Toioes, 
140; bones of the, 162, 167 ; principal fwns of 
the skeleton in the, 296 ; dental system of the, 
278. 279. 

Mammoths, tusks of, disooraed la Tarioos parts 
of the worid, 286; molars of the, 287. 288. 

Man, digestfve apparatus of, 36; principal organs 
of drenJation in, 61 1 sir-tabes and lungs of, 74 ; 
the kidneys fai, 79; his action in leaping, 95; 
hia organs of vdce and speech, 119 ; his organs 
of smeU, 98, 99; inquiry natoral to, 159 ; limbs 
of, 227; skeleton of, 255 et »eq.\ his varied 
powers of action, 257; tkntt of, 258; his adapta^ 
tlon to an erect posture, 257 ; modifications of 
the skeleton of, 268 ; the sole spades of his genus, 
and the oply representatlTV of his order, 263 ; 
his teeth, dedduous snd permanent, 363. 

Mandibiilar ardi (Lat. mmndibulm the jaw) of 
the boa-constrictor, 195. 

Mandmcn Indians of S. America, 361 . 

Manganese, where fonnd, 45 ; Us existence in the 
crust of the earth, 86. 

Mankind, importance of the akull in judging of the 
vaxteties of, 307 ; tSKtnre and colour of hair 
among the diflfisrent varieties, 311 ; various 
mountain tribes of tbe East, 312, 313, 315 ; the 
primary divisions of. 316. 

Manfibrium (Lat. a hilt) of the mole, 248. 

ManzaniUo Indians of Oentral America, 359. 

Marmoset monkeys, teeth of the, 306. 

Marsupial bones (Gr. maraupion a pouch), 163. 

Martedane Indians of S. America, 364. 

Mastodon gigantena (Or. maatot an udder, and 
odoua a tooth), tusks of the, 294. 

Mastoid (Gr. maatoa and eidoa nipple-shaped), 193 

Mathematics (Or. mathema learning), de- 
monstrative prlndples of, 3; objects of, 5; 
truths of, 8elf«evldent, 7; laws of, different ttom 
physical laws, 11 ; Its truths bituitive, 4, 28; 
demonstrations of, necessary truths, 32. 

MaxllUzy bone (Lat. masUla the Jaw), 1/8. 181; 
of the boa-constrictor, 191; diverging appendages 
of the, 269. 

Measurement of inaccessible heights, 9. 

Medicine (Lat. medico to heal), phydology the 
handmaid of, 157; and the truest guide in, 158. 

MedassB, their locomotive organs, 87. 

Megalichthys (Gr. megaa great, and iehthua a 
fish), dentine of the, 272. 

M^alosaurus (Gr. megaa great, and aauroa a 
lizard), tooth of the, 275. 

Megilonyx (Gr. megale great, and onyjr a daw) 
an extinct race of quadrupeds, 245. 

Megatherium (Gr. mega great, and therion a 
beast), an extinct race of quadrupeds, 245; 
teeth of the, 294; deductions firom the dental 
system of the, 295. 

Membranes, anfanal, produce sounds even when 
relaxed, 130. 
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Htmbnuumv tDngu«8, ylbrating, US, 

MenopOme, yerfeebrnl skeleton of the, 187. 

Jdcsocalc&neal. process (Gr. me40i middle, asd 
Lat. ealeaneum the heel), 225. 

Mesencephalic (Or. megot middle, en in, and 
kephale the head), 193. 

Hesocumlform {Qr.metoi middle,aDdLat.C{(ne«« 
a wedge) of the bind foot in animals, 243. 244. 

Mesostemal* (Qr. metot middle, and tternon 
the breastrbone), 216. 

ICesotympiDic bone (Gr. mcMOt and tympanon 
the middle drum). 177- 

Metacarpal (Gr. met a with, and car pot the 
wrist). 211. 

Metapoph^sis (Or. meta between, and apophytit 
. sprinting from), 169. 

Mexico,- population of, 351 . 

Micronesian population, 343. 

Minc5pie, race of the, 310. 311. 

Mind and matter, sensation the link between. 1 10. 

Mineral nature, relation of organic nature to, 86. 

Minerals, phosphorus derived from, 43 ; potassium 
derived from, 44. 

Mineralogy, vast hnportance of a correct know- 
ledge of, 19. 

Mississippi, Indian tribes of the, 356. 

Mizhdzhedzhl. populations of the, 334. 

Mohawk Irlquois Indian, 355. 

Molars of the elephant, 286 et teq ; their succes- 
raon, 2B9 ; their dovdopment, 290 ; of the hog, 
302. 

Mole, skeleton and bones of the, 248. 

Molluscs (Lat. mollit soft), circulation of the 
blood in, 65 ; resplrtition in, 77. 

Momentum and velocity, 14. 

Mongolians, territorial boundaries of the, 316; 
thetr frontier town, ib.\ their nomadic habits, 
316, 317; physiognomy of the, 317; their great 
warriors, t'A.; Marco Polo's account of them, ib.\ 
their domestic habits. ib.\ thehr religion, 318; 
their funeral ceremonies, t6.; their system of 
war, 319. 

Monkeys, teeth of, 300 ; larynx and voice of the, 
142, 143. 

Moise, sisulland teeth of the, 282 

Moskito Indians of Central America, 358 ; lan- 
guage of the, ib. 

Motion, on the laws of, 9, 10. 

Mountaineers, different groups of, 312 et teq, 

Moxos Indians of S.America, 364. 

Moy, mountain tribe of, 315 . 

Mucous membrane (Lat. mueotut slimy), 53; of 
a dog, magnifled, 69. 

Mule, its larynx ana voice, 142. 

Muscle (Gr. myon a muscle), on the contraction 
of the fibres of, 48; effects of contraction, 49 ; 
two kinds of muscular tissue. 47; tonicity of the 
muscular fibre, 49 ; muscular texture constitutes 
a large portion of the animal frame, 50. 



I Mode, insfcmroents of, and their rlbrstions, 88 : 
HMuriccl notes, or sounds, distinet from noise, 
117.118; adaptation of the voice to, 132, 133. 
i MusteU (Lat. the weasel), dentition of the^ 300. 
Mycfttes (Gr. tnukao to how)), larynx and voice 

of the, 142; dentiUon of the, 306. 
MylOdon (Gr. mule a grinder, and odmtt a tooth), 

an extinct race of quadrupeda, 245. 
Myliob&tes (Qr. myliao to grind, and batot a 
thorn), a genus of fishes belonging to tbe fiunily 
Baida, 270; vasodentane of the, 273. 
MySnine matter (Gr. myon a musele) of animals. 

161. 
Myriopl^da (Or. myriot a myriad, and podet 

feet), respiration hi the, 78. 
Myrmecoph&ga (Gr. my r mot an ant, and phago 

to eat), edentulous animals, 278. 
Myxiuoids(Qir. mysa mucus, and eidot resem- 
blance) teeth of the, 269. 

N 
Namaqua tribe of Africa, 368 
Narwhal, jaw-bones of the, 278. 
Nasal intonation of the voice, 133. 
Nasal vertebra, 179 ; spLie of the, 259. 
Natatorial birds (Lat. natatSret 8winamers),226. 
Natchez Indians of N. America, 356. 
Natural History, allied with tho descriptive sci- 
ences, 18 : importance of the study of, 19. 
Nataral laws, on the ignorance of, 25. 
Nautilus (Lat. nauta a sailor), fiable of the, 88. 
NemestnnH longirostris (Gr. nema a thread, and 

Lat longit rottris with long beaks), sacidng 

tribe of the, 106. 
Negro population of Africa, 369, 370 ; language d 

the, 371. . 
Nepal, mountaineers of the western parts of, 313. 
Nerves, structure of the, 51. 
Nervous texture of the animal system. 47 ; two 

forms of, vesicular and fibrous, 50. 
Neural arch (Gr. neuron a nerve) of the verte- 

briB, 168. 
Neural arches of the skull— the enoephallc, the 

mesenoephalic, the prosencephalie, and the xlil- 

nencephalic, 180. 
Neural spine of parietal vertebra, called parietal 

bone/ 176 ; of fishes, ib . 
Neurapoph^sis (Gr. neuron a nerve, and apophy- 

tit springing from), a neural process, 169 et 

teq. tape; of parietal vertebra, called alitphe- 

noid, 176. 
Neurilemma (Gr. neuron a nerve, and lemma a 

coat), 51. 
Neurine matter of animals, 161 . 
Neuro-skeleton, 163, 164; segmental oompoaUloa 

of the, 168. 
Neuro-skeletal segments or vertebrss of the skull— 

the occipital, the parietal, the frontal, and the 

nasal. 180. 
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JSew Zealander, the, 344. 

Iflboane Indians of S. Amoica, 364. 

17icangua« mountain uibea of the, 3b8 

Nightingale, svngofthe, 148. 

l^ilo. various lacea of the, 367. 

NitrSgen (Gr. nitrcn nitre, and g€nnao to seae- 

rate), properties of, 42 
XTon-vegetative fouotioat, not essential to life, 38. 
Notation of teeth, 304. 
Notochord <Gr. n9lo* the back, and chorda oovd), 

the emlnyoaic dorsal gelatinons chord, 1/2. 
Nubian tribes of Africa. 367. 
Nudibranchiftta(Lat. ««<<«« oaJbed, and braueJUte 

gilla), respiration in, 77. 
Number, properties of, intuitive, 7* 
Nuthatch, voice of the, IM. 
Nuikans of Vaaoouver's Island. 356. 



Otaeervation. fallacious without knowledge, 27, 28. 

Oodpltal vertebra (Lat. occiput the back part of 
the head), of the ood-flah, 176 1 of the python, 
192. 

OcBAHi« Oaovp oi popalations, 341 et teq, ; the 
Protoneslan bmnchofthe AmphineslaBS, the Ma- 
lajM, and the Philippines, 342 ; tlks Folynesiahfl, 
the Microneslans, and the Malegasi, 343; the 
Papuans, the Kalnnonesians, the Australians, 
and the Tasmanians, 344 ; the Feetleeans, 345 ; 
the Semangs, and Jokongs. 347 ; the Arm Island- 
ers, 348. 

Odont<^ process of the axis CGr. odoux a tooth, 
and eidon resemblance), 201. 

Oil, a constituent of organic bodies, 47. 

Olfactory eapside (liSt. olfrndo to smell, and cap- 
tula a Uttla covering), 194. 

Olfactoiy lobes, the, 178. 

Opercaium (Lat, a covering flap), bones of the, 
178 ; cooBists of four bones, the preopercular, the 
opercular, the subopercular, and the interopercu- 
lar, 1*6. 

OphidYa, (see Sbrpkkt Tribe)* 

Opinions, pfrefessioaef, 29 et teq» 

OpisthoccBlian type of vertebras (Gr, opi$thot be- 
hind} and koilo* concave), 202. 

Opossum, 4t8 larynx and voice, 142. 

Optic foramVna (Gr. optomai te see, and Lat. 
foramen an opening), 193. 

Oral canal (Lat. oris of the mouth), dtaation of 
the, 125. 

Orbitosphe.nold bones (Lat. orbit a drde, Gr. 
tpkcn a wedge, and eidot maemUanoe), 177, 
193. 

Oregon tribes of N. America, 357. 

Org aaic bodies (Gr. organon an instrument bf 
which some process Is carried on), general func- 
tions of, 39 ; elements of, 39 et eeq, ; ultimate 

. alemeats of the flnstorder, 41 s of the second or- 
der, 42 ; proximate elements of, 46; the uon- \ 



azotlaed proxknate elements of, 47 ; iheoUiui 

component textures of, 47. 
Organic life, leading ol^ects connected with, 85 : 

its rehUion to mineral nature. 86. 
Orgu^ matter distbigulshed from inert, 34 ; tran- 
sition of inert matter into organic, 153. 
Organic nature, disquisition on, 33 et teq. 
Organs, assimilative. 37. 
Orinoco, various Indian tribes of the, 362, 363. 
(^nithorliynchus (Gr. omit ho* a bird, and rAjrn- 

choe a beak), teeth of the, 278. 
Orycter5pu8 (Gr. orykter a digger, and pou» a 

foot), tooth of the, 263. 
Os Cocc^gls (Lat. oa a bone, and Gr. kokkus a 

cuckoo}, 258. 
Os innominfttum (Lat. the nameless bone), 193. 
Os spheno-ocdpital of theskull, 259. 
Osseous system, primary claasiflcation of the, 163. 
Ossete population. 334. 
Ossickes (Lat. o»*iculum a UtUe bone), 212. 
Osteine(Gr. oeteon a bone), the matter or tissue 

ao called, 161 ; arrangement of, 166. 
Osteodentine (Gr. oeteon a bone, and Lat. dene a 

tooth). 265 { in various genera of fishes, 273. 
Osteology (Gr. osteon and logoe a discourse on 

bonee), principles of, 161 ; general and special 

terms in, 280, (eee Skblbtom and Boves). 
OtOcrane (Gr. ota the ears, and cr anion the 

skull). 171. 
Ourang-entang, larynx and voice of the, 142, 143^ 

skeleton of the, 265 ; dentition of the, 298. 
Owl, its eye-balU 102; iU ears, 105 ; voice of the. 

149. 
Ox, voice of the. 141 ; tarsal bones of the, 243, 

244; red oorpusdes of its blood. 57. 
Ox^Ken {OMue add. and gennao to generate). 

properties o^ 41 ; physical history of an atom oU 

86. 
Oxygen gas. its transmutations. 87. 
Oyster, its locomotive powers, 96. 



Pachyderm&ta (6r, pachue thick, and dermat* 

skins), voices of the. 141 ; dentition of the, 301. 
Paduca tribes of N. America. 356. 
Palatine bones or Palatines (Lat. pa/aruia the 

palate). 178 ; <rftbe boa-eonstrictor, 194. 
Palato-pterj^goid process (Lat.pa/a^umthepokite, 

and Or. pterpgoido* wing-like, 235. 
Paoi^a Indians of S. America, 362. 
PaocrSatic lifuor (Gr. pan and chreae all flesh), 

properties of the, 72. 
Papuan population, 344. 
Par.the, identkal with the iirof aahnon, 20. 
PacapophyMS (Gr.;>aratransverBe,aud apophy4ie 

a process), 168 et eeq, tape. 
Peristal vertebra (Lat. pariet a wall). 177. 
ParoccipltaJs (Gr. para from, aad Lau occiput 

back orthe head), 218. 
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Panrot'flsheSfjftWi uaA food of the, 973. 

Pairot tribe, voice of the, 150. 

Patagoniansof S. America, 362. 

P&tella (Lat. a Uitle dish), S18 ; of the doth, 246. 

Patholc^y (Or. pathos and logo* a ditootirse on 
disease), pbysiology the hand^maid of, 167. 

Pectinibranchlftta (Lat. p^eten a comb, and 
branehia giUs), respiration In, 77* 

Pectoral fin of thecod-fish(Lat.|»0e/tf«ttie breast), 
175. 

Pegu, colour of the Inhabitants of, 311. 

Pelvic arch of the crocodile, 21 2 . 

Pelvis of birds (Lat. peMt a basin), 224. 

Penguin, locomotion of the, 93. 

Peninsular stock of Asia, and their vaikms divi- 
sions, 325. 

Pentadactyle foot of birds (Qt.pente flvo and 
daktj/lo» a finger or toe), 226. 

Perch, teeth of the, 270. 

Pericardium (Gr. peri aronnd, and emrdia the 
heart), the seroua membrane of the heart, 64. 

Percoids (Or. perkos spotted, and eidos appear- 
ance), osteodentlne of the, 273. 

Periosteum ( Gt.peri and otteon aroond the bone) , 
166. 

Perl48odactJrlaorPeri88odaet7ks(Gr. j»«r<««o« an 
odd number, and daktples a finger or toe), 
236, 237 ; the extinct and existinggeneraof, 237 ; 
dentition of the, 300 

PeritttnSum (Gr. 'peri around, and teino te 
stretch), the serous membrane of ttie abdomen, 
54. 

Persia, population of, 335: laogoage and reUgion 
of, i6. 

Petrosal bone (Gr, petrot a stone), 17d. 

Peru, nnmerous Indian tribes of, 364. 

Phalanx (Gr. a row of soNUers), 21 1 . 

Pharynx (Or. the throat), position and (iinctions 
of the, 125. 

Philippines, population <^tbe, 342. 

Phosphates (Gr. phot light), constituents and 
properties of, 43, 

Phosph6rus (Gr. phot light, and fero to bear), 
properties of, 43 ; derived from minerals, ib. 

Physical structure oi the dllforent varieties <tf man- 
kind, 307. 

Physics (Or. phytit nature), various departments 
of, 14. 

PHYSIOLOGY (Gf. phytit nature, and lagot 
a discourse), general laws of, 16 ; Important ob- 
jects of, 17 : on the order In, 33 ; of animal and 
vegetable life, 33 et «e9.(see pattim) \ itsgene- 
ral application to the chief purposes of lift, 153 
et teq.i the hand-maid of medidne, 167; and 
iU truest guide, 158; design manifested In, 168, 
1 60 ; a hymn in praise ot God, ib. 

PhysiegnSmy of difltoent races, 308 ; of the Mon- 
golians. 316, 317. 



Pigeon, red oorposdes of Its blood, SJ. 

Pike, skull and teeth of the, 269. 

Pima Indians of IT. America, 367. 

Pisiforme bone (Lat. pitum a pea, and forma 

fonn), 211 ; one of the carpaVbMie8,958. 
Pithecas Satj^ms (Gr. pithett an ape), skeMoD 

ofthe,255,256. 
Planets, attractton between them and the son, 13; 

cause of the curvilinear path of the, 30. 
Plants, an agreement existing between them and 

animals, 34; dlsHngutehed from animals, 36; 

sap of, 80 ) food of, 81 . 
Plasma (Gr. platma asstmUation); the eolonrkss 

fluid ofthe blood, 161. 
Plastron ofthe turito, 215, 
Platax (Gr. platut wide), teeth ofthe, 870. 
PlatycoaUan type of vertebra {Qr^plHiue&Hk, and 

koilot concave), 202. 
Pleura (Gr. pleuron a rib), the serous membrane 

ofthe chest, 64. 
Pleurapopbj^ses (Gr. pleuron a rib, and «popAy- 

tit springing from), bones of the vertebra, 168 

et teq. tape, 
Pilcidentiae (Lat. pHoo to knit together, and dent 

a tooth). In various genera of fishes, 273. 
Podiua (Or. podet feet, and our a a tail). Us ac- 
tion in leaping, 96. 
Poison-fimgs of snakes, V7, 878. 
Polygon (Gr. poUir many, and ^ont'e an angle), 

illustrations of the, 6. 
Polynesian populations, 343. 
Polypti^rus (Gr. polu and pteron many^flnned) 

a fish of the NUe, 164. 
Popular errors, 24. 

Populations ofthe worid, (see ETBVOLoev). 
PoKupine, skull and teeth ofthe, 283. 
Porpdse, laryngal organs of the, 140 ; teeth ofthe, 

278. 
Post-frontals of the sknU (Lat. pott beUnd, and 

front the forehead), 177, 194. 
Postglgnoid process of the horse (Lat. pott behind, 

and Or. giene the pupil <tf the eye), 23S. 
Potassium (from pot and a«A««), eltaiisots and 

properties of, 44. 
Poulp, eyes of the, 99. 
Prefrontals of the sksnU (Lat, pra before, and 

front the forehead), 178, 194. 
Premandibaiar bone (Lat. pret- before, and aMa- 

dibula the mandible), 271. 
Premaxillary (Lat. prm before, and maMilU the 

jaw), process of the, 194. 
premazlllaxy teeth, 871> 
Premolars (Lat. pra before, and molo to grind) 

ofthe camivora. 281; ofthe hog, 302. 
Presphenoid bone {iJBA.pra before.'and Gr. tpken 

and eidot wedge-Bke), 177; of the python'k 

skull, 193. 
Pietymp&nie bene (Lat. j»r<a hefoie, and Gt. tftif 

panon a drum). 17*« 
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IMmlrliB, tbe pr!iMr3r qnm-ftathen <tf Unto» 822. 

Principles, profession of, 29 et »eq, 

FrionOdoR {Qx.pri^n a saw, and od9U» a tooth), 

dentine ofttie, 278. 
Pristis (Or. a sawyer), rasodentlne of tlw, 273. 
Processes oTtSie sknU, 180. 
Procnemial ridge (Or. jiro before, and knetM the 

knee). 224. 
ProcoBlian (Or. pr99 befine, and koiioi coneave) 

typoofveftebra, 801. 
ProportlOB, the great iBStrament of abstnct 

sdeooe, 7. 
Prosenoephaloii (Or. prns before, €n la, and 

JtepAa/0 the bead), 193. 
Proteos (Or, proteut a marfae deUj;, skeleton 

and limbs of the, 843. 
Proteine (Or. protot first), diflbrent forms of, 46. 
Protonesian popnlatUm, 348. 
ProtoptSms (Or. protot the first, and pterpM a 

wing or ftn), 187; skeleton and limbs of the, 842. 
FsammdduB (Or ptammoo sand, and odou» a 

tooth), Taaodentlne of the, 273. 
PseodApos (Or. pteudot Cslae, and pouo a foot) 

oftheliaidkind, 199. 
Psychology (Or. ptffcMe and Ugo§ a disooona on 

mentality, or the senl), essential to preelsion 

of langnage, 18. 
Pterf gold process (Or. ptiarym and §ii»* wing- 

Uk»), 179, 23&: of the boaNOonstriotor» 194. 
Pabls (Lat. pubot the secret pacts), 817. 
Pufanrmaiy araehnideans (JLafLpulmo the lungs, 
. and Or. •ra«*»« a spider), mspinUiea in. 7/ • 
Palp-cavltj of the teeth, 865. 
FyuiMoats (Qt.pyknot thick, and •tfotu Atooth), 

denllne of the. 278. 
Pjiamids of Sg7pt» first measured b/ Thales, 8. 
Pjthen (Oreek name of a large serpent, item 

PUiho to polaon), osteology of the, 1^2 « sknll 

of the, 193. 

a 

Quadricospid (Lat. fuafuor foor, and cutpit a 
point) shape of the molars, 899. 

QoadrQm&na (Lat. quatuor four, and mnnnt 
hands), larynx and volees of the, 142 ; limbs of 
the, 227; skeleton of the, 254, 255; teeth of 
the, 298; of South America, 299, 300. 

Quadrupeds (Lat. quatuor four, and pedet fbet), 
locomotion of, 94 ; acute smell tn, 98; herbivo- 
rous, skeleton of the, 237, 238 ; extinct genera 
of, 237,242; odd-toed, 238; even-toed, 237, 241; 
extinct races of. 245. 

Quanto, mountain tribes of, 315. 

Qnichua Indians of America, 359. 

QniU-ftathers of birds, their difliereat names, 223. 



i 

Sadins of the cod-fish (Lat. radius the lesser | 
vm-bone), 175* | 



Baptoriai birds (Lat. rapt9re» seixefs). 288. 

Basp teeth. 270. 

Battlesnake, yertebra of the, 106; polson-ftag of 
the. 277; sanll of the, 278. 

Baven, Tolce of the, 149. 

Beason, a collective power, 111. 

Bed corpuscles of the blood in man and dlfiisrent 
animals, 54, 56, 57, 58. 

Bed Indians, ethnography of the, 350. 

Beprodnctlon, functions of, 38; iffoeess of, analo- 
gous in animals and vegetables, 81 ; in the animal 
kingdom. 84. 

Beptilia. orBeptiles(Lat. repiilit creeping along), 
circulation of the blood in, 63 ; respiration In, 
76; locomotion of, 91, 92; smell in. 98; eyes 
of, 101; their senno of hearing, 104; their sense 
of touch, 108 ; larynx and vt^oe of, t50{ compo- 
sition of their bones, 168; principal forme of the 
skeleton in, 186 «f »eq.\ dental system of. 274. 

Be8pirati(m (Lat. respiratio eonttnvons breath- 
lng>, organs ef, 74 ; mechanism of; 75 ; In birds 
and different animals, 76, 77. 

Bhinoc6xos, Its laiynn and vdM, 148; skeleton of 
the, 834; tarsal bonea of the» 848, 843. 

RhtadMes (Or. rhitia a root, and eido$ resem* 
blanoe), dentine of the, 272. 

Bhynohosanrus (Or. rhyn^tu &snont,aad sauru* 
a lizard). Jaws of the, 276. 

Boeky Mountains of "S. Ameiioa, Indian tribes of 
the, 352. 

Bodient mammalia (Lat. rode to gnaw), teeth of 
the. 283. 

Book, voice of the. 149. 

BumYnants (Lat. rumino te chew the cud), voloes 
of. 141; skeletOB of, 836 ; teetli of, 896 



Saab tribe of Africa, 368. 

Sacral vertebra (Ut. sMer saored)» 808. 

Sahaptin Indians of N. America, 857. 

Saliva tribe <tf Indiana in S. America^ extmoU 963k 

Sahnon. the try of, and the Par, identtcal, 89. 

Salts ef the blood, 59.. 

8«a Uas Indians of Oentml America, 359. 

Saaitaiy legislation (LAt.a«n*ra« health), nsoes- 

sity for, 156. 
Smskrit of India,, 340 ; languages derived from, 

573, 
S^ofv^ieUUea, 80. 
Sarcolemma (Or. tars flesh* and /«m«<i a coat), 

48. 
Sarmatian races, and their langaages, 373. 
Saorians (Or. taura a Uaard). skeleton of the, 

800, 801; armed with tusks. 276. 
Scaphoides (Or. skaphe a iHiMk and eidot resem* 

blance), 818 ; of the hind foot in animals* 843, 

844; one of the carpaL hones, 858. 
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Scapiila (Latin scapula the shoulder-blade), 
199. 

Scapular aidi (Lat. see ante), 1/5; of the croco- 
dUe.211. 

Scapulaxi» (Lat. scapula), the scapulaiy feathers 
of bhrds, 223. 

Scapulo-coracoid arch (Lat. scapula the Uado- 
bone, and Or. koras and eidos crow-like), 210, 
211. 

Scari (Or. skaroi parrot-fishes), dentine of the, 
272 : jaws and food of the, 273. 

Schwann, white substance of, 51. 

Scicenoids (Gr. skia a shadow, and eidos resem - 
blance). ostoodeatineof the, 273. 

Science (Lat. seientia the knowledge of things), 
ou the general principles of, 1 ; systems of know- 
ledge founded on, 2; value of the term, 3; 
— abstract, proportion the great instrument of, 
7. 

Sclerotal bones (Gr. skleros hard), 179. 

Sclero-skeleton (Gr. skleros hard, and skeleton), 
163. 

Sderotie capsule of the eye (Gr. skleros hard, and 
Lat. eapsula a little cover), 194. 

Scombgroids (Gr. skombros a marine fish, and 
eidos resemblance), teeth of tbe, 270. 

Sea-perch, skeleton of the, \7i, 181; fln-fonnnla of 
the, 183. 

Seal, skeleton of the, 230; dentition of the, 
297. 

Secnnd&riae, the seoondaiy QuiU-feathars of Urds, 
223. 

Seeds, germination of, 85. 

Semang population, 347. 

Seminole youth of the Creek class, 355 

Semitic tribes of Africa, 366. 

Sensation, physiology of, 109; the link between 
mind and matter, 1 10. 

Senses, fallacy of the, 27, 28. 

Senses of animals, 97 et seq.\ smell, 97; sight-, 99; 
hearing, 103; their taste, 105; their touch, 106; 
nerves of the, 170, 171. 

Serous membranes (Lat. serum whey), the inner 
membranes of the body, 54. 

Serpents (Lat. serpens creeping), distinction be- 
tween the venomous and the harmless, 20 : re- 
spiration in. 78 ; locomotion of, 91 , 92 ; verte- 
bras of, 91, 196, 197; ribs of, 92; their sense of 
hearing, 104; larynx and voice of, 150; oste- 
ology of, 191 et seq,\ skeleton of the cobra, 191; 
structure of the skull of, 192; the python, ib.\ 
poisonoQS, skull of, 195. 

Sharks, their adaptation to aquatic life, 1 85 ; teeth 
of, 271; osteodentlne of, 273. 

Sheat-fish, teeth of the, 2/0. 

Sheep, voice of the, 141. 

Sheep's-head fish, teeth of the, 270. 

Shrew, ear of the, 105. 

Sifan, mountain tribes of the, 312, 313. 



Sight, tense of, in various animals, 99 ; organ fit 
170. 

SUIoon (Lat siles flint), properties of, 44. 

Singing, produced by successive notes of the voice, 
131; compass of the voice in, 131, 132; causes 
of failure in, 134; of birds, 146 et seq. 

Sioux tribes of the Missouri, 355. 

Sirionos Indians of S. America, 361 

SKELETON (Or. skeletos a dried body), on the 
principal forms of the, 161 et seq.i compodtion 
and classification of the bones constitntii^ the, 
162, 163; the dermo- and nenro-akeletons, 164, 
165; growth of bones, 166, 168; structure of 
bones hi different classes. 167: its segmental 
composition, 168; vertebras of the, 169, 172; 

. archetype of the, 170, 171 ; of the fish, 1/3 et 
seq.\ general and special names of the bones of 
the, 179, 180; principal forms of tbe, in tbe 
class ReptiUa, 186 ; of the ftog, 187 et seq a the 
serpent tribe, 191; the lizard, 198 ; the crocodile, 
201 et seq.i of Chelonian reptiles. 213; of birds. 
219 ; of the daas Mammalia, 237; of the Cetaoea, 
228; of tne seal and walrus, 230, 231; ofhoofed 
quadrupeds, 232 ; the horse, t6.; the rhinoceros, 
234; the girafl^, 236; of herbivorons qaadzn- 
peds, 237; the camel. 238; the hippopotamus, 
240 ; the hog tribe, 241 ; even-toed hooftd beasts, 
ib. ; nature of limbs, 242; of the protopteras, 
ib, I limbs of the amphinma, the proteus, the 
horse, the ox,>the rhinoceros, the hippopotamos, 
the elephant, 243 ; of the feet, 244 ; of the sloth, 
245; of the ant-eater, 247; of the m(de, 248; 
of the bat, 249; of the camtvorons mammalia, 
250; of theUon, 251; of the kangaroo, 253; of 
the quadrumana, 254 ; of the ape tribe, and of 
man, 255 ; terms in osteology, 260 ; facial angle, 
261 ; progressive expansion of the cranium, ib.; 
Australian and European skulls. 262; retrospect 
of the various forms of the, 262, 263. 

SMpetar population of Albania, 372. 

Skoffl, country of the, 352. 

SicuU, the four upper or anterior segments of the 
osseous qrstem, 170; various segments of, hi 
fishes, 175 et seq.; structure of. in serpents, 
192; of the python, 193; of the boa-constrictor, 
194; of poisonous serpents, 195; of the lizard, 
199; of the crocodile, 204 et seq.; of the sloth, 
247; modifications In the slcull ol man, S&f* its 
importance in judging of different races. 307. 

Skulls of different animals, 261; of an Australian 
and a European, 262. 

Skylark, song of the, 147. 

Sloth, skeleton of the, 245 ; exUnct races of the, 
ib, ; its habits and aptitudes, 245, 246 ; limbs 
and skull of the, 247; dentition of the, 278. 

Smell, sense of. In various animals, 97, 98; organ 
of. 170. 

Snakes, poisonous, teeth of the, 277* 
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Sodium (Ger. soda glasswort), elements and pro- 
perties of, 44. 

Soil, on the continual renewal of, 155. 

SomaoU tribes of Africa, 367. 

Sound, sources of, 115 ; not merely a vibration of 
air, 116; velocity of, ib.; a musical one distinct 
from a noise, 117* 118. 

Sounds, representation of, by symbols, 135; a>n- 
version of voice into, 136; of consonants, 137. 

Sparoids (Gr. tparo* a sea> fish, and eidot resem- 
blance), dentine of the, 272. 

Speech, one of the principal foundations of man'fe 
progress, 115; organs ot, 119, 137; the poten- 
tiality of man's intelligence, 134; historical pro- 
gress of, 135. 

Species, on the indeAnite continuance of, 154. 

Sphyraona (Gr. the hammer-flsh), teeth of the, 
271; deniine of the, 272; formidable dentition 
of the, 273. 

Spider-monkey, dentition of the, 300. 

Spiders, ciicuhition of tiie blood in, 66 ; locomotion 
of, 89. 

Splanchno-skeleton (Gr. tplanchna the bowels), 
163 ; its various parts— the petrosal, the scierotal, 
the turhhial, the branchial, and the dental, 180. 

Splint-bone, one of the carpal bones, 244. 

SpQri» (Lat. *puriu$ illegidmate), the bastard 
feathers of birds, 223. 

Stammering, causes of» 138; remedy, 139. 

Starch, its general prevalence and use, 47. 

SUtistics. an importyit branch of knowledge, 18; 
fallacies of the age connected with, 25. 

Sting-ray, jaws and teeth of the, 270. 

Stomach (Gr. ttomacho* the belly), digestive 
apparatus of the, 36 ; dianges effected by the 
gastric juices in the, 71. 

Strong-bow Indians of America, 351 . 

Sturgeon, skeleton of the, 163, 164 ; its habits, ib. 

Suborbital bones (Lat. tub and orbita under the 
orbit), 179. 

Sulphur, elements and properties of, 43. 

Superorbltal bones (Lat. tuper and orbita above 
the orbit) of fishes, 212. 

SupertempSral bones (Lat. tuper and tempora 
above the temples), 179. 

Suprascapaiair of the crocodile (Lat.tupra above, 
and tcapula the shoulder-blade), 210. 

Supreme Intelligeace, on the belief in a, 29. 

Surinam sprat, singularity of its eye-ball, 101. 

Sussi Indians of America, 351. 

Swan, skeleton of the, 220, 221; calcaneal promi- 
nence of the, 225. 

Sword-fishes, premaxillaries of the, 181. 

Symbols, sounds represented by, 135. 

Symbols of teeth, 304. 

Symphysis (Gr. tun and phptii growing together). 
217. 

Synovial membrane and joint (Qr. tun with, and 
oon an egg), 54, 218. 



Tadpole, metamorphoses of the, 188. 189. 

Takulli Indians of America, 351; chief of the, 353. 

Tamerlane, a Turk, 317* 

Tamul language of India, 340. 

Tarsal bones (Gr. tar tot the palm of the hand or 
foot), of different mammalia, 243, 244. 

Tarso-metatarse (Gr. tartot the palm of the hand, 
and met a over), 224 ; modifications of the, 225. 

Tartars, conquests of the, 317; their nomadic ha- 
bits, 317, (^e MONOOLIANS). 

Tasmanians of Van Dibman's Land, 344, 345. 

Taste, sense of in various animals, 105 ; the imme- 
diate instruments of. 106 ; organ of, 170. 

Tectibranchi&ta (Lat. tectut covered, and bran- 
chite gills), respiration in the, 77. 

Tectrlces (Lat. tectum a covering), the wing co- 
verts of lards, 223. 

TEETH, on the principal forms and structures of 
the, 264 et teg. ; intimately reUted to the food 
and habits of the animal, ib. ; vascular canals 
of the, 265 ; dental tissues and pulp-cavities, 
265; chemical and structural composition of, 
266 ; cement and enamel of the, ib. ; complex 
and compound teeth,267; dental system of fishes, 
269 et teq. ; shedding and renewal of, in fishes, 
274 ; of reptiles, 274 et teq. ; of crocodiles 
and poisonous snakes, 2/7 ; of mammalia, 278 ; 
form, fixation, and structure of, iu the mamma- 
lia, 279 et teq. ; of the camivora, 281 ; of the 
morse and the porcupine, 282 ; of the horse, 284 ; 
of the elephant, 285-293 ; then: succession, de- 
velopment, &c., 289, 290 ; of the megatherium, 
294 ; of the anoplotherium, 296 ; of the rumi- 
nants, ib. i of the seal tribe, 297 ; of the quad- 
rumana, 298 ; of the ourang and cliimpanzee, 
299 : of monkeys and lemurs, 300 ; homologies 
of, 301, 303; of the hog, 302 ; notation and sym- 
bols of, 304. 

Teleology (Gr. telot and logot a discourse on 
final causes), true grounds of, 32, 

Tentorium (Lat. a tent), 163. 

Texas, Indian tribes of the, 356. 

Textures in the animal kuigdom — ^the muscular, 
nervous, and filamentous, 47. 

Thales first measures the great pyramid of Egypt, 8. 

Thoracic duct (Gr. thorax the breast), 37 ; course 
and termination of the; ib. 

Thought, a vague term, 113 ; controlled by educa- 
Uon, 111. 

Thrush, song of the, 148. 

Tibet, mountain tribes of, 312. 

Tibia (Lat. the shin-bone), of the crocodile, 212; 
ofthe sloth, 246. 

Tiger, larynx and voice ofthe, 142. 

Todd, Dr., his opinion ontheaIIn:eiitaryf(inctions, 
69 
I Toes, of birds, 225. 
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Tonicltj (Or. tonos tone), a property of the niuf- 

cnUur fibre, 49. 
Tootli, luuDan, magnified tection of the, S65. 
Tooth-pulp, the primary basia of the tooth, tft. 
Tortoise, osteology of the, 213 et seq. ; skeleton 
of the, 213 ; carapace and plastron of the, 214 ; 
▼ertebrsB of the, 216 ; dwU of the, 217 } Umbs of 
the, 218. 
Touch, sense of. In varioas animals, 106. 
Trachea, (6r. <racAtf«rough),the wind-pipe, 122. 
Tracheftrean Arachnldeans (Gr. trachea the 
wUidpipe, and arachne a spider), respiration 
in 77. 
Trapezium (Gr. trapezion a four-sided geometri- 

rlcal figure), one of the carpal bones, 258. 
Trapezoides (Gr. <rapes<on \ut ante'[ and eidoa 

resemblance), one of the carpal bones, 258. 
Triangle, right-angled (Lat. tria angula three 

angles), properties of the, 3. 
Trianglea, equivalenoeoi; 5. 
Trigonom<itry (Gr. <W« three, gonU an angle, 
and metron a measure), rules of apitUed to 
the measurement of heighto, 9. 
Trochanter (Gr. trockaototum), of the crocodile, 

212. 
Trochlea, tibial (Gr. troehot a wheel), 224. 
Troglodytes (Gr. trogle a cavern, and duno to 

dwell in), facial angle of the genus, 263, 265. 
Truths, which are self evident, 32. 
TsihaiU tribe of 27. America, 357. 
TsUcanni Indians of America, 351 . 
Tsuktahl, a tribe of the Asiatic Peninsular stoclc, 

325. 
Tuariks, tribe of the, in AMca, 367. 
TungOsians territorial boundaries of the, 319 ; na- 
tional characteristiCB of the, t^.; snfatjects of 
Bussia and of China, 320 ; historical notices, ib . ; 
different tribes of Mantshu, Daourians, Tshapo- 
jhrs, and Lamuts, ib.; the Turlcs, the Ugrians, 
tbe Voguls, and the Bf^jiars, 321-324. 
Tunica yaginftlis (Lat. tunica a tunic, and vagina 
a sheath), the serous membrane of the testicle, 
54. 
Tupi Indians of S. America, 360; their language, 

361. 
Turftnians, physiognomy* language, and primary 
divisious of the, 316 ; the Mongolians, the Tun- 
gusians, tbe Turks, the Ugzians, and the Penin- 
sular stock, 316 «< *eq, 
Turtiinal bones, or Turbinals (Lat. turbo a top), 

179; ofthe skull, 194. 
Turks, race of the, 321 ; their histoiy and geogra^ 
phical distribution, ib, ; theh: MongoUan phyd- 
ognomy, 322. 
Turtle, osteology of the, 213 ; carapace of the, 

214 ; plastron ofthe, 15. 
Tusks ofthe elephant and the mammoth, 286, 287* 
Tympanic bone (Gr. tympanon a drum), 178, 
181 { ofthe boa-constrictor, 195 



Ugrians, race ofthe, 322 ; their geographlcal^ia- 

tribution, ib* ; dlflterent races of— the H a«;lana 

of Hungary, the Voguls, &c., 822 324 ; charao- 

terialtics ofthe, 324. 
Ulna of the cod-fish (Lat. ufna the elbow), 175, 

176. 
Undforme (Lat. uncu» a hook, vxA forma shape), 

one ofthe carpal bones, 258. 
Ungulculfttor (Lat. ungui$ a daw), limbs of the, 

227. 
Unguinal phalanges (Lat. unguis a daw, and 

Or. phalanx a row of soldiers), 21 1 . 
Ungulllta (Lat. ungnla a hoof), limbs ofthe, 227. 
UrCa (Lat. urina urine), elements and properties 

of, 46, 79. 
Uric add, elements and properties of, 46, 79. 
Urinary secretion, 79. 
Urine (Lat. urina)» constituents and propertiea 

of, 79, 80. 
XTrOhyal (Gr. our on urine), 181. 



Yan P&eman's Land, the Taamanians o^ 3A«, 34&. 

Var&nus, ostooifOgy of the, 199, 200« deuUtum of 
ttai»,27fr. 

Varieties of mankind (see MAinuMo). 

Vascular M|U|]« of teeth, 265. 

Vasodentine (Lat* vaMum a vesMil, and dent • 
, tooth), 266; in Yarlooagei^raof flahes, 273. 

V^etaUeUngdom, on reproduetion in the, 84 ^ 
germination in the, 86; dwmleal cbasgea in 
tbe, 87. 

Vegetable 11£b, on the phyeiology of, 33 ei *gf. 

Vegetables, sap of, 8U ; food of, 81. 

V^etalive fauctions, 36 ; digcatioB, secretion, and 
excretion, 38 ; table of, 39. 

Venous blood, renorationof the, 70. 

Ventriloquism (Lat. venter the belly, and loquor 
to speak), faculty of, 138. 

Veragua, Indian tribes ofthe, 358; their ehano- 
teristics, 359. 

Vertebra (Lat. verto to torn, or vtrtebra a 
turning joint), a general term for the Terteteal 
segments of the skeleton, 260; the parietal and 
thoradc, 169; autogenous and exogenous parts 
ofthe, 168, 169; fhmta! segment, 177: psrietal, 
ib. 

Vertebra ofthe neuro-skdeton, 168; ▼arloos mo- 
difications of the, 169 ; deTek>pment of thct I7> ; 
the caudal, modifications of the, 188; of the 
ophidian reptiles, 196, 197; of the lisard, 199; 
of the crocodile, 201 et eeq.; Tarions types o( 

202, 203 ; lumbar and sacral, of the croeodSia, 

203, caudal, 804; of the tortoise, 216; of ths 
swan, 221; formula of the, in herbivorous qoad- 
rupeds, 838; of tbe bat, 850; of tlM Uon, SSI, 
252; of the kangaroo, 854. 
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Yertebrita (Lot vertebra a tnminf Joint), the 
hlgheflt diTlsIon of the animal kingdom, 161; the 
fbor dasseg of, 162 ; composition of their bones, 
ib, 

Yertebrated animals, their snocesslTS transmuta- 
tions, 263. 

YesYdee, fat, assnming the polyhedral form, 53. 

YesicCUar nerroos matter (Lat. vetiea the blad- 
der), 50, 51. 

YespertllYo muxmns (Lat. the common bat), skele- 
ton of the, 250. 

YiUi (Lat. villus a hahr), the processes so caUed, 
69. 

Yilliform teeth, 270. 

Yital Amotions, three so caDed, 38. 

Yognls, a tribe of the Ugrian stock, 323. 

Yoice, physiology of the, 115 ; sharper in the open 
air, 1 17: organs of the, in man, 1 19 ; dissertation 
on the, 125 et teq, ; dlflferent theories on the, 
126; compared with the pipe of an organ, 127; 
lecelTSd theory of the, ib,; objections to the 
true theory of the, 129 ; the organs of, combine 
the properties of yarions taistmments, 131 ; com- 
pass of the, ib, ; dUTerenoe between the male and 
female, 132; nasal intonation of the, 133; Its 
strmgth depends on the Tocal cords, 134 ; causes 
of flkilnre in the perfectness of the notes of the, 
ib,; conrerted Uito TOcal sounds, 136; compara- 
tire physiology of, 139; of mammals, 140; of 
yarions animals, 141 et teq.; of ruminants and 
pachydennata, 141; of birds, 143 et teq, 

Yomer (Lat. a plonghshare), 178, 194. 

Yowel sounds, oonyersion of voice Into, 136. 



Walrus, skeleton of the, 230. 

War, system of, among the Mongolians, 319. 

Waraw Indians of the Oronoco, 363; their charao* 

teristics, 364. 
Water-rats of Australia, dentition of the, 278. 
Whale, tail of the, 93; Its eye, 103; its skeleton, 

228; its teeth, 278. 
Whistling, causes of, 134. 
Windpipe, anatomical structure of the, 119 et seq.x 

of the ruminants and pachydermata, 141 ; ol 

Mrds, 143 et eeq. 
Wing of the duck tribe, 223. 
Wocoon tribes of Carolina, 355. 
Wolf-flsh, teeth of the, 271, 272. 
Woodlark, song of the, 147. 
Woodpecker, voice of the, 150. 
Wrasse, teeth of the, 270. 
Wryneck, voice of the, 150. 

X 

Xiphistemum (Or. siphot a sword, and sternon 
the breast-bone), 216. 

T 

TeUow-knife Indians of America, 351. 



Zingix-Khan, a Mongolian, 317. 

Z5ology {aioos and logoe a discourse on animals), 

utility of the knowledge of, 19, 20. 
Zygantium, 197. 
Zygapophj^sis (6r. augo* Junction, and apophyei* 

springing fix>m), 169. 



ERRATA. 



Owing to the eompMlior harlng Inadvartently altered the iMging of the Work, firom pp. 352 to 374, after the fltst 
portion of this Index was In type, the references to the subjects therein occurring will be found (in the first foot 
leaves of the Index) to be two pages backward. Thus the refsrenoe to " Abyssinia" should be 369 instead of 367 : 
and so on. 

The Binder will eaneel pages 87 and 88, as first published, and substitute the reprinted ones. 
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